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SOME EFFECTS OF SUPERHEATING AND FEED-WATER 

HEATING ON LOCOMOTIVE WORKING. 

- 
BY F. H. TREVITHICK, and P. J. COWAN, Member; OB LONDON. 

The tendency in recent years to increase train-loads and average 
speeds has, in  the main, resulted in larger locomotives. By putting 
proportionately more weight into the boiler, the evaporative 
capacity has been increased, and, since boiler capacity limits the 
tractive effort a t  anything above low speeds, this has been quite a 
logical development. The same provision, a t  equal loads, results in 
increased economy, since the rate of firing is brought down to R 

point where the boiler efficiency is greater. 
This will be evident on reference to Fig. 1 (page 346), reproduced 

from Mr. Lawford H. Fry’s Paper on “Combustion and Heat Balances 
in Locomotives.”* This represents the series 200 of the St. Louis 
tests on the Pennsylvania Railroad Testing Plant,? and has been 
selected as illustrating the performance of a brick-arch boiler, with 
coal approximating to some English qualities, though reported to be 
somewhat friable, and as covering a wide range of working. The 
proportion of the total heat utilized in steam production will be 
seen to fall as the rate of firing increases; the losses increase 

* Proceedings, I.Meoh.E., 1908, Part 2, page 275. 
f Locomotive Tests and Exhibits,” published 1905 by the Pennsylvania 

Railroad Go. 
[THE I.M~crr.E.1 
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rapidly. Clearly, improvement will be effected if capacity sufficient 
for  the production of equal or equivalent output nt reduced rates of 
firing, can be arranged for. 

That by radintion is 
small. It is practically unavoidable and, compamtively speaking, 

Fig. 1 shows the nature of the losses. 

FIG. 1. 
Rolative anzount of Heat utilized a d  lost at diffcrent Rates of Firilzg ; 

St. Louis  Tests. (Series 200.) 
(From Proccodings, March 1908, page 275.) 
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little would be gained by its elimination, if such were possible. The 
loss by CO is also negligible. The remaining losses are important, 
and consist in heat carried away in the gases of combustion passing out 
of the chimney, and in heat lost in unburnt or partially burnt fuel. 

Fig. 1 is rearranged in Fig. 2 in the form of a diagram of heat 
available, taking 14,500 B.Th.U. as a typical calorific value for the 
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FIG. 2.-Heat afilized mnd lost per sqzmre foot of grate per tmzw at di#erent 
Rates of Firing; based an St. Louis Tests. (Series 200.) 
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cod. The line a represents the total heat available in the fuel at 
any rate of firing per square foot of grate area per hour. This 
diagram is merely t y p i d .  A comparison of numerous published 
results shows that it may fairly be taken to be so. AS it is 
intended to pay attention now only to the larger and more 
easily preventable losses, the losses by CO and by radiation have 
been combined in Fig. 3. 

I n  locomotive operation, engine output, steam output, rate of 
firing, draught, smoke-box tempemture and other factors are 

FIG. 3.-Relatiolt of Drawght to  Bate of Firing ; St. Louis Tests. (Series 200.) 
INCHES 

interdependent. Engine output for a large part of the range of 
working is limited by boiler output, which is dependent upon the 
rate of firing. This, in  its turn, depends on draught, which, other 
conditions being unaltered, is a function of the steam exhausted. 
Fig. 3 (considered in conjunction with Fig. 3) shows the relation of 
draught to the phenomena accompanying increased output. The 
upper and lower lines show, respectively, the vacuum recorded 
in  the smoke-box at the back of the diaphragm, and the effective 
draught-that is, the difl'erence between this and the vacuum 
measured in the fire-box. The vacuum in front of the diaphragm 
in American engines is often twice as intense as that bohind it. 
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FIG. 4. 

Relatiom of Smoke-box Temperatures and Draught to Rate of Fir iq  ; values 
from cfoss’s ‘‘ Locomotive Performance ” (“ Brazil block ” coal). 
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FIQ. 5. 

Relation of Smoke-box Temperature to Rate of Firing ; values front Goss’s 
‘‘ High Steam Pvesswes in Locomotive Service ” (Youghiogheny coal). 
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The net loss of heat in the waste gases is dependent upon their 
quantity and specific heat and the smoke-box temperature. I n  
quantity the waste gases increase with the rate of firing, though 

FIG. 6. 
Relation of Weight of Cinderspassing through the Boilel-Tubes fo Rate 

Locomotive Service ” (Youghiogheny coal). 
of Firing ; values from Goss’s High Steam Pressures iia 

La. 
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the amount of gas per pound of fuel burned tends to diminish. The 
manner in which smoke-box temperatures increase with the rate of 
6ring is shown in Figs. 4 and 5. Such diagrams are given as 
straight line curves in the St. Louis report, but this is really 
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incidental to plotting to too small a scale. The St. Louis tests on 
modern large boilered engines show lower temperatures than the 
Purdue tests represented in Figs. 4 and 5 .  The specific heat of the 
waste gases increases with smoke-box temperatures." As a net 
result of the combination of these three factors, the proportion 
of the loss in the waste gases to the heat available in the coal 
gradually falls, but in  amount increases with the rate of firing. 

Of the loss by unburnt fuel, part, occurring a t  the grate, is not 
usually preventable, except such as arises from inexpert firing. The 
larger portion of this loss is involved with engine output and 
draught. The greatest loss is traceable to  the quality and quantity 
of the smoke-box cinders, and of those passing out of the chimney. 
Both these increase with rate of firing. Fig. 6 shows how rapidly 
the quantity of these cinders increases a t  the higher rates of firing. 
Other classes of coal may show losses on an even heavier scale. The 
smoke-box cinders, and those passing out of the stack, have been 
combined in Fig. 6. It is not possible to state definitely what 
effect the rate of firing has on the relative amounts of these two 
cinders losses, but it appears probable that so long as the smoke-box 
capxcity is not taxed, the smoke-box cinders are greater in amount 
than those pmsing out of the chimney when work is light, and 
that when the engine is forced, those emitted from the chimney 
exceed those retained in the smoke-box. This opinion is supported 
by Dr. GOSS, and by figures given in a Paper read before the 
Western Railway Club in 1898 by Mr. W. Garstang. I n  general, 
it may be taken that, a t  fair engine rating, the loss by cinders 
ejected is large, and on ordinary runs exceeds the amount which 
accumulates in the smoke-box, the proportion of cinders ejected to 
cinders in the smoke-box being often 2 or more to 1, in smoke- 
boxes fitted with netting. This factor is, however, largely 
dependent upon the quality of the coal, as is also the quality of 
the cinders. 

Fig. 7 (page 352) gives an idea of the way in which the calorific 
The curves are 

Their value is thus high, being 
value of these cinders increases with rate of firing. 
for  three different kinds of coal. 

* Proceedings, I.Mech.E., 1908, Part 2, page 294. 
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shown to be about 90 per cent. of the original value of the coal a t  
the highest rates of working. I n  the St. Louis tests the highest 
calorific value found for smoke-box cinders was 95 per cent. of the 
value of the original coal, and for the cinders ejected 87.6 per cent. 

FIG. 7. 

Relation. of Calorific Value of C iders  passing through the boiler-tubes to Rate 
of Firimg ; values from Boss's : No. 1, (' Superheated Steam in. Locomoti1.e 

Service " (Pocahontas coal) ; No. 2, Ditto (Poughiogheny coal) ; 
No. 3, " Locomotive Sparks " (" Brazil block " coal). 

10 LB. 

LB. OF COAL.PER SQUARE F O O T  OF GRATE SURFACE PER HOUR 

of the coal value. The average for all tests was for smoke-box 
cinders 80.7 per cent., and for cinders ejected through the chimney 
7 2 . 5  per cent. of the original value of the coal. Determinations, 
made in connection with Egyptian State Railways passenger-engines 
using Welsh coal, have shown a calorific value, for smoke-box 
cinders, equal to 86 per cent. of the original coal value. Usually 
the cinders ejected have a rather lower value than those retained 
in the smoke-box, though circumstances may arise where the reverse 
is found t o  be the case.* 

* Dr. Goss's report on I' superheated Steam in Locomotive Service." 
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REDUCTION OF BOILER LOSSES. 

The facts exhibited in Figs. 1-7, which show so rapid an  
increase in  the boiler losses at the higher rates of firing, emphasize 
the  statement already made tha t  improvement will be realized if 
the  necessary output can by some means be secured at a reduced 
rate of firing. Within limits, increase in boiler capacity is thus as 
logical from this point of view as it is when made in order to meet 
demands for more power. This solution, however, has cerhin 
drawbacks. With the enlargement, radiation and grate losses 
increase, the latter becoming important i n  intermittent work. 
An increase in total engine weight is also involved, and, as 
permanent way considerations limit this, the time will come, and 
has now been reached in cases, when improvements must be sought, 
involving an  increase of weight on a reduced scale. The logical 
alternative to the increase of boiler capacity is to relieve the boiler 
of part of its work, by the adoption of some supplementary process, 
which, however, to be successful, must necessitate a comparatively 
small increase in  weight. Two processes which meet this 
requirement are Feed-Water Heating and Steam Superheating. 

FEED-WATER HEATING. 

I n  feed-water heating, part of the boiler work is accomplished 
before the w h e r  passes the clack. For feed-heating agents, 
providing a direct saving of otherwise waste heat, there are 
available the exhaust steam discharged from the cylinders, and the 
waste gases passing out of the chimney. Feed-heating can be 
accomplished by either of these alone or together in series. If used 
in series, heating by the waste gases must be accomplished last. 
As the process may be arranged to result in temperatures being 
reached at which even the so-called hot-water injectors will not 
work, its successful adoption involves a recoasideration of the 
feeding system generally. 

The ordinary injector will not pick up water above about 
120°-125" F., and the feed cannot, therefore, be effectively heated 
before it reaches the injector, while the admixture in that 

2 c  
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apparatus of live steam with the feed, so raises the temperature 
of the latter that full advantage cannot be taken of subsequent 
heating by either of the agents available. An injector may feed 
into a boiler at 180 Ib. per square inch pressure, about 11.2 Ib. of 
water for every 1 lb. of steam used. If the supply be at 65" F. the 
delivery will be about 160.5" F. This increase is not an economic 
gain. Delivery falls of€ as the boiler pressure rises, and the 
temperature of delivery is higher a t  the higher pressures. 
Subsequent feed-heating is of less advantage now than it would 
have been when pressures were lower. 

For each 1 Ib. of steam used in the cylinders (1 + a fraction) 
must be produced in the boiler, from the temperature of the 
injector discharge, in order to supply both the engine and injector. 
The B.Th.U. thus to be produced are given for various pressures in 
Fig. 8, by Curve No. 1, which is based on data published by 
Mr. S. L. Kneass." If, subsequent to delivery from the injector, 
the feed be heated by the cylinder exhaust to 210" F., the boiler 
work is reduced, as denoted by Curve No. 2. The work needed 
increases with the boiler pressure. Heat can further be transmitted 
from the waste gases, and an average feed temperature of 280" F.- 
290" F. obtained, but compensation can in no way be secured for 
heating during part of the process with live steam. 

A t  modern pressures the ordinary exhaust - injector shows a 
thermal saving over the live-steam injector of some 9 per cent, 
The supplementary portion of the exhaust injector is handicapped 
by the water fed to it being already a t  a high temperature (about 
180" F.). I t s  steam consumption is thus high, and the final 
temperature of discharge is about 280" F. Additional feed-heating 
is thus impracticable, even by the waste gases. The only gain 
procurable with this injector is that due to the use of part of the 
exhaust steam; this, however, may exceed the thermal gain of 
9 per cent. or so. I n  a more recent form of exhaust-steam 
injector the efficiency of the exhaust steam-jet has been improved, 
and much less supplementary live steam is needed. Though the 

* '' Practice and Theory of the Injector." (Wiley.) 
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thermal position is the same with both types, the discharge 
temperature is thus lower with the later pattern. The final 

FIG. &-Saturated Steam boiler output in B.Th.U. necessary wi th  various 
cmditions of Feed, for each lb. of steam used in the cylinders. 

WORKING PRESSURE- LB. PER SQ. IN.(GAUGE) 

temperature with the later type is 195" F. compared with 280" F. 
with the earlier, and further feed-heating is practicable. 

2 c 2  
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The pump offers advantages over the injector in connection 
with feed-heating, since, with it, the feed temperature is not 
increased in the process of raising the pressure, and the temperature 
hend is sufficient for the effective transfer of heat to the puny  
delivery, successive1y from the exhaust steam and the waste gases. 
On account of the sudden demands which a locomotive feed-pump 
is called upon to meet, such an  appliance should be arranged to 
work with water a t  moderately low temperatures, and the greater 
part of the feed-heating process should be carried out  between the 
pump and the boiler clack. 

Independent steam - pumps suitable for locomotive work will 
deliver 100 lb. of water for about 1.5 lb. of steam, working a t  and 
against 180 Ib. pressure. Curve No. 3, Fig. 8, shows the B.Th.t'. 
to be provided by the boiler for each 1 Ib. of steam delivered to the 
cylinders, using pump supply and feed at 65" P. Curve No. 4 
shows the work required if the pump exhaust be utilized for feed- 
heating, about the same amount being required at all pressures. 
The pump and injector arc then on a n  equal footing at modern 
pressures. Heating, further, by the main cylinder exhaust to 
210" F., reduces the boiler work to the amounts shown by Curvc 
No. 5 .  This system has a considerable advantage over the injector 
feed combined with heating to 310" F. (see Curve No. 3), and this is 
maintained if the feed-heating be carried still further. 

SUPERHEATIKG. 

I n  superheating, a final benefit may be due to different causes 
according to the system. I n  one system the  heat in the waste 
gases discharged from the boiler is utilized to raise the temperaturc 
of the steam. In another a directly fired superheater is employed, 
commonly incorporated for convenience in the boiler, in order that 
one grate may serve both. Hybrid systems have dso been tried, 
i n  which either the ordinary boiler tube length has been curtailed 
and a superheater added in  the space thus provided, or a large 
supply of '' live " gas has been conducted to a smoke-box lieater 
through a special flue. Most of these latter systems have been 
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abandoned. They lower the efficiency of steam generation, and 
this is not sufficiently recouped in the engine for these arrangements 
t o  compare favourably with others. 

Contrary to general experience in other branches of steam 
engineering, and also in  conflict with testimony from many railways, 
it has been maintained that waste-gas superheating effects little or 
no benefit in locomotive work. This system combines improvements 
in two directions, namely, in the efficiency of steam generation and 
in the engine's consumption. The gain in generation has been 
commonly ignored or actually denied so far as locomotive work is 
concerned, while the engine gain has been fairly generally admitted. 
A true waste-gas superheater forms an adjunct to the ordinary 
boiler. Its installation should not disturb the heating capacity of 
the boiler, nor alter its efficiency. About the same proportion of 
the heat of combustion is taken up by the water-heating surface as 
where no superheater is fitted, and to the steam thus produced is 
added further heat, abstracted from the waste gases. The overall 
efficiency of the generator is improved, the proportion of heat 
available in the coal, put to use, being increased. Directly fired 
superheater locomotives, using superheat from 100" F. upwards, 
which can lay claim to no improvement in the efficiency of steam 
generation, but rather suffer in an adverse sense, admittedly prove 
satisfactory in service. There appears, therefore, to be no valid 
reason why the waste-gas heating system, with which superheat of 
about 90" F. can be obtained, should not likewise give good results. 
The difference between the temperatures just cited is more than made 
up by the higher overall efficiency of the combined waste-gas heater 
and boiler. The temperatures claimed for waste-gas superheaters 
are sometimes too high. Something over the figure just quoted is, 
however, perfectly practicable. 

It is difficult to determine the economical position of directly 
fired superheater installations of the moderate-degree or high-degre L 
types, as applied in locomotive service. For the generator efficiency 
to be undiminished, no more heat must be lost from a sup?rheaier 
boiler than in the ordinary boiler. I n  some installations the 
average amount of heat absorbed through the smoke-tube 
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superheater surface may about equal, as far as can be gathered, the 
Average amount transmitted through the water-heating tube-surf:ace. 
This may be so in the double-loop high-degree type in which high 
steam velocities are used, and the ends of the loops are brought 
fairly near the fire-box. Locally, transmission is then very great 
and the average is high. With the single-loop types giving 
moderate degrees of superheat, the elements are often short and 
the speeds low. The transmission, a t  the best, is then comparatively 

FIG. 9.-Relation of Steam Consumption and Superheat; values from Benjamin 
amd Endsley. (Am. Ry. Master Mechanics' Convention, 1911.) 
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low, and, on the average, lower than that of the water-heating tube 
surface. As regards efficiency of steam generation, therefore, the 
combination of the waste-gas superheater and boiler ranks first. 
Probably the ordinary boiler ranks second and the high-degree 
smoke-tube superheater boiler third, but this does not appear yet 
to have been definitely determined; it is possible their relative 
positions are not the same at all powers. Last of all stands the 
moclemte-degree smoke-tube superheater boiler. 

Though the above aspect of superheating is often treated with 
indifference, it is generally conceded that there is more or less 
saving in steam a t  all degrees of superheat. Even with no 

 at UNIV NEBRASKA LIBRARIES on June 5, 2016pme.sagepub.comDownloaded from 

http://pme.sagepub.com/


 MARC^ 1913. LOCO. SUPERHEATING AND FEED-WATER HEATINU. 359 

superheat the use of a heater may reduce the feed necessary, if the 
steam normally sent over is wet. Part of the economy shown on 
road tests undoubtedly arises from this. With any temperature 
above that corresponding to dry steam, there is an improvement 
in the engine. I n  stationary work this is not disputed, and the 
result is similar in locomotive working. This has been determined 
in  road tests, and aIso on testing plants. Dr. Goss and others 
responsible for the work a t  Purdue have concluded that steam 
consumption falls with increasing superheat as shown in Fig. 9. 
This determination is naturally only approximate. The data issued 
from Purdue constitute the only records yet published, showing the 
effect of progressive superheat on steam consumption in locomotive 
service. As regards coal consumption, however, they do not fairly 
indicate the possibilities of moderate superheating (though it is 
sometimes held they do), since they do not embrace investigations 
with the more eEcient installations of that class. 

COAL CONSUMPTION. 
Feed-water heating and superheating may be employed in 

various arrangements or combinations. For moderate feed-heating, 
the pump exhaust and part of the main cylinder exhaust are used. 
The former raises the feed temperature by 25"-30" F., the latter to 
about 210' F. or slightly more. High degrees may be attained by 
continuing the process with a smoke-box heater in series. 
Temperatures of 280"-290" F. may thus be reached, with even 
360" F. for short supplies, feeding to a boiler working at a pressure 
of 180 lb. per square inch. The smoke-box heater may be used 
alternatively for moderate superheating, when a superheat of about 
90" F. may be secured. Thus feed-heating to 210" F. and moderate 
waste-gas superheating may be combined. Finally, with the smoke- 
tube type of superheater, moderate and high-degree feed-water 
heating may also be adopted. 

From Fig. 2 (page 347) it will be seen that for any reduction in 
the demand made on the boiler and denoted by a fall along she line d, 
the coal consumption falls along the line a. To this rapid fall are 
due the large economies effected with comparatively small thermal 
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savings. The corrcspondence shown in Mr. Fry's Paper between tests 
on boilers of a fair range of proportion, and in Dr. Goss's reports on 

FIQ. lO.-Diagranz showing the Economy of Feed-Heating fo 270° P. 
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hoiler efficiency as affected by pressure, makes it permissible to take 
Fig. 2 to represent typical conditions in a brick-arch boiler working 
a t  180 lb. pressure per square inch, generating practically dry steam. 
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(1) High-Degree Feed - Wuter Heating. - Installations giving 
average feed temperatures between 270" and 390" F. are described 
in Appendix I (pages 391-2), under Types A and B. Unless 
conditions are unfavourable, feed-heating is purely a gain to the 
boiler. If an engine be overrated, hot feed may be accompanied by 
the production of somewhat drier steam. The effect of feed-heating 
may be studied by the aid of Fig. 10, which is part of Fig. 2 to an 
enlarged scale. 

Taking, as typical, a rate of firing of .80 lb. per square foot 
of grate area per hour, by the scale, AX, the amount of heat utilized 
in steam production, is 632,000 B.Th.U. This is equivalent to the 
evaporation of 591 lb. of water from and at  160.5" F., the temperature 
of discharge of the injector with supply a t  65' F. and boiler pressure 
a t  180 lb. Dividing this in the proportion of 11 - 2 : 1, gives 542 *57 lb. 
as the steam taken by the engine, and 48.44  lb. as that used in 
working the injector. For a pump-fed engine (with supply a t  65" F.) 
to develop the same power, the same number of pounds of steam must 
be furnished to thecylinders. This requires 542.57 (1197-7-33.07) 
= 631,890 B.Th.U., 1197.7 representing the total heat in steam at 
180 lb. pressure, and 33.07 that in the water at 65" F., both above 
32" F.* The pump consumption will be taken as 2 . 2  lb. of steam 
per 100 lb. of water delivered, and therefore (542.57 x 0.022) lb. = 
11.94 lb. of steam are needed for the pump, equivalent to a demand 
on the boiler of 13,910 B.Th.U. The total number of thermal units 
to be generated is thus (631,890 + 13,910) = 645,800 I1.Th.U. 
This, in the installations Types A and B (Appendix I), is supplied 
in stages, namely, by the pump exhaust heating by 25" F., or  to 
90" F. ; by the main cylinder exhaust to 210" F. ; by the waste-gas 
heater to, say, 270" F. (a temperature easily reached) ; and finally by 
the boiler. The total heat supplied per 1 lb. of steam is (1197.7- 
33.07) = 1164.63 B.Th.U. Of this, therefore, the pump exhaust 
furnishes (58.0 - 33.07) = 24.93 B.Th.U.; the main exhaust 

* The figures for heat in steam and water are taken from " Tables and 
Diagrams of the Thermal Properties of Saturated and Superheated Steam," 
by L. S. Marks and H. N. Davis. (Longmans.) 
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(177.99 - 58.0)  = 119.99 B.Th.U. ; the waste gases supply (238.8 
- 177.99) = 60.81 B.Tl1.U.; and the boiler furnishes (1197.7 - 
238.8) = 958.9 B.Ti1.U. The totnl heat is supplied to the engine 
: ~ n d  pump ax follows :- 

TABLE 1. 

Heat supplied when Feed-Heating to 270" F. 

Source of Heat. 

Pump exhaust- 
heater . . . 

Main cylinder ex-, 
haust-heaters . 

Waste-gas heater 

Boiler . . . . 

~ 

B.Th.U. supplied 
Proportion 

of Total 
To Engine 
and Pump. 

13 , 830 

66,530 

33,720 

531,720 

Instead of 633,000 B.Th.U. to be supplied by the boiler in the 
injector-fed engine, coal has now only to be burnt to furnish the 
reduced supply of 531,720 B.Th.U. Following this out in Fig. 10 
(page 360) the requirements have first to be increased from A to A, 
( =  645,800 B.Th.U.), on account of the substitution of the pump 
for the injector. This corresponds to a point B on the curve d 
The use of the pump-exhaust reduces the demand by 13,830 B.Th.U., 
mmely to B, and C, or slightly below the original point for the 
injector-fed engine. The main exhaust furnishes a further 66,530 
B.Th.U., and the demand is brought down to C, and D, and again 
of this 33,720 I3.Th.U. (DD,) are derived from the waste gases, 
leaving EY (= 531,720 B.Th.U.) to be provided by the boiler itself. 
The rate of firing which will produce this is 6 0 . 8  lb. per square foot 
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of grate area per hour, compared with the original 80 ; a saving of 
24 per cent. is thus indicated for the system. 

FIG. 11.-Coal Saving (Curve 1) amd Thermal Saving (Curve 2 )  of Feed-Heating 
to various temperatures, with Pump Supply, compared witlz Injectov Feed. 
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FEED WATER TEMPERATURES-DEG. FAHR. 

The diagram shows how this comes about, supposing smoke-box 
The heat represented by DD, is conditions t,o remain normal. 
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drawn from the waste gases. This length may, therefore, be set up 
over E a t  EE,. Then E,E, represents the final loss in the waste 
gases compared with the original AA,, that is, 96,000 l3.Th.U. 

3 50 

FIG. 12. 

Coal Consumptimz per Mile  

for Engine No. 711 

(Feed-Heeating to 270° F.) 

and No. 695 (Non-Heater). 

TARE LOAD BEHIND TENDER-TONS 

instead of 156,000, or a reduction of 38.5 per cent. in this loss. 
The loss by unburnt fuel has boen reduced from A&, (332,000 
13.Tli.U.) to E,E, (193,000 B.Th.U.), a reduction of more than 
41.5 per cent. The proportion of the heat utilized, to the total 
available, has boen greatly increased. 
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-125-- 

* loo  

Estimating economy in this manner for various feed temperatures, 
a series of values are obtainable, and the Curve 1, Fig. 11 (page 363), 
may be thus derived ; Curve No. 8, Fig. 11, shows the corresponding 
thermal savings. The actual savings :we greater than the latter 
would indicate, from indirect causes, which thermal calculations 
cannot tnke into account. The savings by feed-heating are, in 
locomotive work, on a rather higher scale than in other branches 
of steam engineering. 

FIG. 13. 
Coal Constimption per ton-mile for 2i:ngine No. 711 (Feed-ITeatiizg to 270’ F.) 

and No. 695 (Non-Heater). 
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Among many trials of this system on the Egyptian State 
Railways those made with Engine No. 711 (Type A, Appendix I, 
page 391), in the early part of 1908, are the most important. This 
is i~ 4-4-0 type engine. Its chief particulars are given on p g e  391. 
Engine No. 711, with heaters, ran against a sister engine, No. 695, 
without heaters, on expresses between Cairo and Alexandria 
(130 miles), the fastest timing being 3 hours with two intermediate 
stops. The coal was weighed into bags, sealed and opened on the 
tender as required. The figures relate to coal used for train 
working only. The ton-miles accomplished were 1,939,847 by 
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Engine No. 711 and 1,926,054 by Engine No. 695. The average 
cod per ton-mile worked out a t  0.1116 Ib. for No. 711, and 
0.1450 lb. for No. 695-a saving of 23 per cent. for the heater 
engine. The results of the trials are depicted in Figs. 13 and 13 
(piges 364-5). The consumption of the non-heater engine increased 
much more rapidly with the loading, than did that of the heater 
engine. The economy shown by the latter improves at the heavier 
lo:&. Table 2, giving the trains clitssified according to load (tare 

TABLE 2. 

Trials of Feed-Heater E y i n e  IV9. 711 m d  Non-Heater Engine No. 695. 

Class of 
Trains. 

'ens behinc 
tender. 

Under 250 

250-300 

300-350 

350-400 

Engine 
NO. 

- 

Actual 
Train 
Loads. 

203.2 
206.8 

268.3 
267.6 

325.5 
324.5 

362.4 
375.8 

Coal Consumption. 

Saving ii 
favour of 
Eng. 711 

Per cent. 
23.3 

20.9 

28.2 

31.3 

Average lb. 
of Coal per 
t on-mil a. 

Saving in 
favour of 
Eng. 711. 

Per cent. 
21-8 

21-8 

28.6 

28.8 

behind tender), shows this very clearly, especially on the pound per 
mile basis. 

The figures of the registers, for engines in regular service, 
confirm all trials made with this system. Table 3 gives such 
records for Engines Nos. 711 and 677 and non-heater engines. 

The large difference between No. 711 and sister non-heater 
engines is probably in part due to No. 711 being constantly used 
for investigation work, and being kept in first-class order. Coal 
was also most likely booked to it more carefully than it would 
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249.6 

4 1  

0.1643 

otherwise have been. The figures for No. 711 with and without 
heaters are fairly comparable. Engine No. 677 is of another 
class, being of the 4-4-2 type, with cylinders 18 inches by 26 inches, 
heating surface of 1,535.5 square feet in the tubes, and 140.35 
square feet in the fire-box, and a grate area of 24 square feet. 
An all-round improvement in this case of 18 per cent. is shown 
for the heaters; but if the comparison be confined to periods of 
like climatic conditions (an important point when work in a 

TABLE 3. 
Service Working of Feed-Heater and Non-Heater Engiiies. 

~ ,~ 

281.6 231 280 278.4 

35.9 40.2 37 45.1 

0.1276 0.1749 0.1322 0.1622 

Average load, tare behind 
tender . . . . 

Average lb. of coal per mile 

Average Ib. of coal per ton- 
mile . . . . 

Difference in favour of 
heaters on coal per ton- 
mile. . . . lb. 

Ditto . . Per cent. 

29 Sister1 Engine Engine 
Engines 1 No. 677 No. 677 

with without with without 
heaters. heaters. heaters. heaters. heaters. withoutl I i I 

! I ! 

0-0367 lb. 0.0473 Ib. 0.031 lb. 

22 27 18 

country such as Egypt is being considered) this engine, fitted 
with heaters, showed an improvement of 20.5 per cent. over her 
working without them. 

Considering the modified smoke-box arrangement, the result 
shown for the trials of Engine No. 711 (an economy of 23 per 
cent.) is in remarkably good agreement with the saving indicated 
by the method of Fig. 10 (page 360). A point, indicating these 
trial results on the Egyptian State Railways, is marked on Fig. 11. 
Feed-heating has been carried to certam lengths on other systems, 
but not to such high temperatures as these. In  England, on the 
Continent, and in America, feed-heating has been tried on a more 
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or less extensive scale, but in most cases exhaust-steam heating 
only has been used. A point indicating results of the late Mr. 
Dugald Drummond's system, on the London and South Western 
Ridway, has been inserted in Fig. 11 (page 363), as well as One 
for a system in use on the Central of Georgia Railway (U.S.A.). 
All these points are in fair agreement with the curve No. 1 of 
diagram, Fig. 11. If part ef the exhaust steam be efficiently 
employed in  raising the feed to temperatures approaching the 
maximum, its utilization in this manner is productive of more 
economical working than its use in the blast would be, in 
maintaining a higher smoke-box vacuum. 

(2) Noderate Degree Feed-Heating and Moderate Superheathg by 
Waste Gases.-A typical installation of this class is described in  
Appendix I (Type B, page 392). With supply at 65" F. the pump- 
exhaust warms the feed to 90" F., and part of the main cylinder 
exhaust subsequently carries it to about 210" F. The waste-gas 
heater gives superheat of about 90" F. on a boiler pressure of 180 lb. 
per square inch. 

According to Fig. 9 (page 358) this degree of superheat reduces 
the steam consumption by about 9 per cent. Instead of the 
542.57 lb. necessary in Case I, only 493.74 lb., therefore, need to 
be supplied to this engine for the same work. Each 1 lb. contains, 
however, 1215.33 B.Th.U. above 65" F., and the total heat to be 
supplied for engine purposes is now (493.74 X 1215.33) = 600,060 
B.Th.U. The pump requires (493.74 X 0.022)  = 10.86 lb. of 
steitm, which, taken from the dome, is saturated. This represents 
(10.86 x 1164.63) = 12,650 B.Th.U., and the total engine and 
pump requirements amount to 612,710 B.Th.U., supplied as in 
Table 4. 

I n  this case coal has only to be burnt to supply the 514,560 
I3.Th.U. demanded of the boiler (see Fig. 14, page 370). As before, 
the demand is first increased from A to A, by the adoption of 
the pump. From the cor:.ssponding point B on the curve d, 
superheating rctluces the total demand to B, and C (612,170 
H.Th.U.). Thence to C ,  and D (600,130 B.Th.U.) the demand 

For the sake of moderation 85" F. will be taken. 
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Source of Heat. 

is lowered by the use of the pump-exhaust, and to D, and E 
(539,590 B.Th.U.) by the main exhaust-heaters. The superheater 
completes the process by relieving the boiler of duty equal to 
25,030 B.Th.U., and the demand is brought down in this way to 

Proportion Of 
TotaI. 

TABLE 4. 
Heat supplied when using moderate Feed-Heating and moderate 

Superheating. 

Pump exhaust-heater 

24.93 
1216'3y 

24.93 [-- i76-3 

I/ 119.99 
Main exhaust-heaters 

119.99 
1164.63 

1019.71 
Boiler . . . ~ l i 2 i i 2 3  

1019 ' 71 
1164.63 

Superheater . 

B.Th.U. supplied 

T O  
Engine. 

12,310 

59,240 

503,480 

25,030 

To 
Pump. 

270 

1,300 

11,080 

12,650 

To Enginc 
tnd Pump 

12,580 

GO, 540 

! 
1 
I 514,560 

25,030 

612,710 

El and F (514,560 3.Th.U.), corresponding to a coal rate of 58.1 Ib. 
per square foot of grate per hour, compared with the original 80 lb., 
or a saving of nearly 27.4 per cent. 

EE, and FF, represent heat taken from the waste gases in 
superheating, and the loss in these gases is reduced from AA, 
(156,000 B.Th.U.) to FIF, (102,500 B.Th.U.)-a saving of 
34.3 per cent. The loss by unburnt fuel is restricted to F,F, 

2 D  

I 
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(173,000 B.Th.U.) in lieu of A,A, (332,000 B.Th.U.)-a fall of 
48 per cent. 

r 
FIG. 14. 

100 

Diagram skowiiig the 

9 economy of Feed-Heuling 

to 210° F. 

combined with 

Superheating by Waste 

Gases to 85O F. 

300 

100 

zoo 

, LB 

LB. Or COAL PER M. FT. OF GRATE SURFACE PER HOUR 

Among others, two long series of trials of this clasa of 
installation have been conducted on the Egyptian State Railways. 
The most important was carried out ip 1911, though the system 
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had then been in actual operation for some time on a comparatively 
large scale. The heaviest scheduled trains between Cairo and 
Alexandria, having average speeds, deducting for stops, of between 
42 .4  and 43 .3  miles per hour, with loads usually above 330 and 
frequently over 400 tons tare behind the tender, were worked. 
The heater Engine No. 706, five sister engines without heaters, and 
one engine of the same class (No. 712 as then fitted) with a high- 
degree superheater and piston-valves, were all run in one link 
working with three De Glehn compounds. The latter engines now 
usually handle these trains. They have cylinders 13a and 22 inches 
by 254 inches, total heating surface of 2,365-5 square feet, working 
pressure of 228 lb. per square inch, and total weight, with tender, 
of 107.25 tons. The engines of the 706 class weigh some 20 tons 
less than this. Coal 
was dealt with as described on page 365, but the records were kept 
for overall service working, and not as in the trials there alluded 
to, for running time only. The figures in Table 5 (page 372), 
therefore, include lighting up, and some unavoidable light mileage, 
the latter, however, being negligible. In  all these trials the 
checking of the coal was officially carried out by the Stores 
Department and by representatives of the General Manager. The 
provision of the coal in sealed sacks effectually prevented the 
favouring of any engine with selected coal. On these railways 
the Stores Department is always responsible for the coal until it 
is actually on the tenders. 

The figures of Table 5 (page 372) are from the report by Mr. 
H. W. Davis (Member) to the General Manager on these trials. 

Engine No. 706 proved the most economical of the whole link, 
and showed 30.8  per cent. economy over the non-heater engines, 
and handled throughout the heaviest trains. It showed an economy 
of 20 per cent. on the De Glehn compounds. The difference 
between the 30 per cent. economy shown in these trials and the 
27.4  per cent. deduced by means of Fig. 14 may be due to several 
causes. The average superheat may be nearer 90" F. than the 
85" F. taken above, or the saving indicated by the Purdue tests 
may not quite coincide with the actual saving, or again the difference 

Their chief particulars are given on page 391. 

2 D 2  
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721. . 

3rdinary. 

328.6 

47.7 

___- 

may be due to excessive moisture in the steam produced in the 
ordinary engine. 

Another test is interesting, though made with a lighter class of 
engine, fitted with a type of installation since greatly improved 
upon. These trials covered the service working of the Upper 
Egypt expresses for a period of over two months, extending to 
88,480 train-miles, run by sixteen heater and eighteen non-heater 
engines. The trains are worked in three sections-Cairo-Minieh 

Heater. 

336 

33.8 

TABLE 5. 
Trials of moderate Feed-Heating combined with moderate Superheating. 

Engine Nos. 

System. 

Average load tare behind tender , . 
Coal consumption, average lb. per mile . 
Economy in favour of Engine No. 706 . 
Coal consumption, av. lb. per ton-mile . 
Economy in favour of Engine No. 706 . 

717.720. I 706. 
697, 713, 669, 674, 

675. 

De Glehn. 

333.5 

42 
d 

29.2% 19.5% 

0.1453 I 0*1005 I 0.1261 

30.8% 20'25% 
L- 

(154 miles), Minieh-Sohag (138 miles), Sohag-Luxor (1 28 miles). 
Coaling was done at Cairo and Sohag only, from the latter engines 
working both north and south. Engines were given sealed sacks 
of coal sufficient for both the out and home trips. The distance 
in Section I (Cairo-Minieh) is accomplished with three intermediate 
stops, in Section I1 (Minieh-Sohag) with eleven stops and ten slacks 
for staff changing, and in Section I11 (Sohag-Luxor) with thirteen 
stops and seven slacks for staff changing. The results are given 
in Tables 6 and 7 (pages 374-5). Train loads were kept uniform 
throughout the test, an extra coach being added at intervals, until 
the capacity of the non-heater engines was exceeded. 

 at UNIV NEBRASKA LIBRARIES on June 5, 2016pme.sagepub.comDownloaded from 

http://pme.sagepub.com/


MARCH 1913. LOCO. SUPERHEATING AND FEED-WATER HEATING. 373 

The coal economy per ton-mile varied in these trials for the 
beater engines from 22.1 per cent. in Section I to 25.5 per cent. 
in Section 111, with an average of 23.7 per cent. for the whole test. 
These Tables are reproduced, however, to show the effect which 
load and stops have upon the economy. On light trains in 
Section I, with three stops only, the non-heater engines took 
36.7 lb. of coal per mile and the heater engines took 28.4 lb. 
For similar trains, in Section 111, with thirteen stops and seven 
slacks, the consumptions were 42.9 lb. and 33 * 5  lb. respectively, 
the heater engine taking 5 .1  lb. extra per mile, but the non-heater 
6 . 2  lb. extra. For the heavy trains the difference is increased. 
I n  Section I, for trains of 337 tons tare behind the tender, the 
non-heater engines took 38.4 lb.; but in Section 111 they took 
47.1 lb., a difference of 8 .7  lb., while the heater engines took 
30-6 for Section I and only 34.4 for Section 111, a difference of 
3 .8  lb. 

I n  an extension of this test, in Section I, the heater engines 
were able to handle 'satisfactorily, trains of a weight which 
completely outclassed the non-heater engines, it being quite 
impossible to  keep time with the latter. 

I n  regular service, engines fitted with the apparatus, Type B, 
Appendix I (page 392), have confirmed the tests. Engines of the 
706 type have run consistently on an extremely low consumption, 
in complete accord with the test results. Direct comparison with 
sister non-heater engines is, unfortunately, no longer possible in this 
case, since the use of the non-heater engines on the heaviest 
schedules had to be abandoned, owing to the time they lost. For 
two months for which the records were recently taken out, Engines 
Nos. 706 and 714 averaged respectively trains of 349.3 and 345.5 
tare tons behind the tender (loads which the sister non-heater 
engines cannot touch on this timing) a t  a coal-consumption per 
ton-mile of 0.1005 lb. including lighting up, etc., and are very 
consistent over long periods. This consumption is identical with 
that of No. 706 during the trials mentioned on pages 371-2. 

The trial results for the Upper Egypt '' 612 " class are likewise 
supported by Table 8 (page 376) taken from the registers. 
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TABLE 6. 

1Tpper Eggpt Ezpress Trials. Arerage Results for separate Sections and f o r  all Sections together. 

Sections 

Number of engines with 
or without heaters } 

Aggregate train mileage 

Average tare behind 
tender . . . 1 

Coal consumption : 

cent.. . . . 

Average lb. per ton-mile 

Economy in favour of 

3 with 

18,172 

302.6 

29.6 - 

I 

6 without 

18,172 

301.6 

37.8 
I 

21.7 

0'0977 i 0.1255 - 
22.1 

I1 

5 with 

13,524 

300.6 

32.5 

5 without 

13,524 

301.8 

43'0 

24.4 

0.1082 1 0.1427 - 
24.1 

8 with 

12,544 

300.5 

33.6 

~ 

III 

7 without 

12,544 

302 

44.8 

25.0 

0'1110 I 0.1490 - 
25.5 

I, I1 and I11 

16 with 

44,240 

302.3 

31.6 

18 withot 

44,240 

301 8 

41.4 

23.6 

0.1047 1 0.1373 - 
23.7 
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Nominal 
train load. 
Tons tare. 

265.7 
263.0 
307-5 
307.0 
337.0 
336.0 

260 

308 

337 

362 

260 

308 

337 

260 

308 

337 

33.5 
42.9 
33.2 
44.0 
34.4 
47.1 

Upper Egppt Express Trials. 
TABLE 7. 

Aaerage Results for Sections and Train Loads. 

Type of Engine! 
with ( + ) or 
without ( - ) 

heaters. 

Actual 
Average load. 

Ton tare. Average lb. 
per mile. 

Coal Consumption. 
~ 

Economy in 
'our of heater, 

Per cent. 
22.6 

22.0 

20.3 

23.3 

22-8 

24.2 

25.7 

21.9 

24.5 

26-9 

Average lb. per 
ton-mile. 

0.1082 
0.1414 
0.0977 
0.1250 
0.0904 
0.1138 
0.0874 
0.1139 

0.1239 
0.1611 
0.1048 
0.1388 
0.0994 
0'1315 

0.1261 
0.1633 
0'10SO 
0.1436 
0.1020 
0.1403 

Economy in favou 
of heaters. 

Per cent. 
] 23.4 

] 21.8 

] 20.5 

] 23.2 

) 23-0 

) 24.4 

] 24.4 

) 22.7 

) 24.7 
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1909 { I  16 Engines before fitting] 
with heaters 

1910 Same ,, after ,, 
1909-10 19 Engines not fitted . 

( 3 )  High-Deyree Feed-Heating and High-Degree Superheathg.- 
Owing to the lack of sufficient data it is not proposcd to go at 
length into calculations regarding this combination. It is not 
known how far the curve d, Fig. 2 (page 347), agrees with the 
performance of a combined high-degree superheater and boiler. 
Further, when high-degree feed-heating is combined with 
superheating, the superheat is reduced, but to what extent is yet 
uncertain. Also, superheater engines are commonly fitted with 

29 per cent. I 240.2 0.1692 

263.5 0.1201 

246.4 0.1626 

TABLE 8. 

Seriiice working for Upper Egypt Engines '' 612" class. 

9 months 
1910 ] 
y:Gths ) 

Load tons. Heaters. 

16 Engines fitted with 266.6 o.1194 

19 Engines not fitted . 246.4 0*1565 
23.7 ,, ! heaters 

piston-valves, to which part of their performance should rightly be 
credited, instead of the improvement being wholly imputed to the 
superheating system. 

If, however, superheating to 200' F. with feed-heating to 
290" F. be considered, using the curve d ,  Fig. 2 (page 347), as the basis, 
the following results are shown :--Fig. 9 (page 358) shows for this 
superheat 21.15 per cent. steam economy. The original 542.57 lb. 
of engine steam would therefore be reduced to  427.82 lb. and the 
heat needed would be 427.82 (1,307-33.07) = 545,010 B.Th.U. 
The pump takes saturated steam representing (427.82 x 0.022 
x 1,164.63) = 10,960 B.Th.U., the total being 555,970. Subdividing 
this among the pump-heater, the main exhaust-heaters, the 
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smoke-box heater, and the superheater and boiler, it i s  found that 
457,050 B.Th.U. have to be provided by the superheater and boiler. 
The point on the curve d corresponding with this, represents a rate 
of firing of 49.1 lb. per square foot, as against 80, or a saving of 
38.64 per cent. The loss in the waste gases has been reduced 
57 per cent. and that by unburnt coal 75 per cent. These large 
savings seem to be substantiated in practice. 

A smoke-tube superheater, giving 200" F. superheat, may not 
be considered to be representative of usual practice, but the figure 
is chosen because of the unavoidable fall of superheat already 
referred to. With the lessened boiler duty the intensity of draught 
is reduced, and as, for a wide range, superheat varies approximately 
as the draught, a drop on conversion is natural. 

On the Egyptian State Railways an engine, No. 712, giving 
about 200-220" F. superheat before conversion, gave after the 
addition of the feed-water heaters (see Type C, Appendix I, 
page 397) superheat of about 150" F. Nevertheless the results 
proved very satisfactory. 

For reasons identical with those stated on page 373, this engine 
could not be tested a t  its best loads against sister non-heater 
engines. A trial attempted had to be abandoned. Engine No. 712 
was therefore run against the heater Engines Nos. 706 and 714, 
and, compared with them, with average tare loads behind the 
tender of 346.8 tons, showed a consumpti'on of only 27.7 lb. per 
mi10 or 0.0798 lb. per ton-mile ; this is an economy of 20.0 per cent. 
over the type B heater Engines Nos. 706 and 714. I n  the 1911 
trials Engine No. 706 worked a t  exactly the same consumption as 
during this latter period (cf. pages 373 and 371), and the consumption 
of Engine No. 712, fitted with the high-degree feed and high 
sup$rheat combination, may, in default of more direct means, be 
compared with that which the non-heater engines then showed. 
I f  running a t  an economical load, Engine No. 712 would thus show 
an economy of 45 per cent. over sister non-heater engines. 

Direct comparison being impossible on the heavy workings, 
Engine No. 712 was transferred, for a short time, to a link of 
lighter trains handled by the non-heater engines. On these trains, 

 at UNIV NEBRASKA LIBRARIES on June 5, 2016pme.sagepub.comDownloaded from 

http://pme.sagepub.com/


378 LOCO. SUPERHEATING AND FEED-WATER HEATINU. I(IAR0H 1913. 

however, Engine No. 712 was underrated and was not working a t  
its best. It averaged, for trains of 262 tons tare behind tender, 
0.0952 lb. per ton-mile, against the average for several non-heater 
engines of 0.1538 lb. on trains of 256.5 tons load, or an economy 
of 37.7  per cent. 

ECONOMICAL FEATURES OF THE SYSTEMS. 

. The Blast.-In a Paper on the efficiency of the method of 
creating draught by means of the blast, read recently by Mr. H. 13. 
MacFarland of the Atchison, Topeka and Santa Fe Railway, before 
the International Railway Fuel Association, the author showed 
how disproportionate is the effect produced, to the power consumed 
in maintaining the smoke-box vacuum. By ensuring equivalent 
output with reduced draught, improvement in this direction is 
secured, and the engine is made freer, in addition to the boiler 
losses being reduced. 

The use, in all the heater systems here dealt with, of part 
of the cylinder exhaust for feed-heating, is equivalent to an 
enlargement of the blast-pipe top. The volume of stenm driven 
through the orifice is diminished by over 12 per cent. The 
diameter of the blast-pipe top is thus virtually increased from 
the actual 44 inches to a corresponding 42 inches, 0 1 0  from 42 
inches to a corresponding 5 inches top. Again, enclosing the 
blast in a comparatively small chamber, as in the later Egyptian 
State Railways systems, increases the inducing action and results 
in comparatively high vacua with a larger nozzle than is used in 
the standard engine. I n  the latter a top of 4& inches is used 
above the netting, and produces in front of the tube space a 
vacuum of about 6 inches in normal working. With the high- 
degree superheat sjrstem alone, aa fitted to Engine No. 712, it WNS 

necessary to reduce the top from 44 to 4; inches to obtain rt 

proper vacuum with the reduced quantity of steam then used. 
Since fitting the feed-heaters to this engine (Type C, Appendix I, 
page 397) the blast-pipe has been again enlarged to 43 inches, and 
as part of the exhaust is used for feed-heating, it is now virtually 
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one 42 inches in diameter for about 15 per cent. less steam than 
passes through the standard top of the ordinary engine. The size 
to which this 4&-inch top actually corresponds is thus about 
5 inches in diameter. In  the case of the engines with high-degree 
feed, or with moderate feed-heating and superheating combined, 
4g-inch tops are used, the virtual size being, therefore, about 
5 inches. The cylinders benefit greatly by this increased area 
and the resultant reduction of back-pressure. 

With these blast-pipe tops a vacuum of from 6 to  8 inches is 
obtained in the small blast-chamber. This is reduced by the 
resistance offered by the heater tubes, and there is a vacuum in 
the smoke-box proper of from 2 to 3 inches compared with 
6 inches or more in the ordinary engine. This is in accord with 
the reduced rates of firing necessary, to which a lighter draught 
corresponds. The natural accompaniment of the softer draught, 
which allows a thinner and more efficient fire, is higher boiler 
efficiency with reduced losses in unburnt coal. 

The Reduction in  the L,oss of unbtcrnt Coal.-The lighter draught 
just considered results in less loss in unburnt fuel. The Egyptian 
State Railways engines show progressively, less accumulation of 
cinders in the smoke-box with increased economy. I n  the non- 
heater engines the quantity of cinders retained in the smoke-box 
is large, and after a certain length of run practically all cinders, 
coming through the boiler-tubes, except the largest, are probably 
ultimately forced through the spark arrester mesh and ejected. I n  
one class of passenger engines the smoke-box cinders amounted to  
2.173 lb. per mile, equivalent to about 1.87 lb. of coal. I n  sister 
engines, fitted for moderate feed-heating and moderate superheating, 
the ash collected in the smoke-box was only 0.796 lb. per mile, 
equivalent to 0.68 Ib. of coal. In mother 'class of engine with 
installations of &his type, the ash retained was found to be 
1.168 Ib. per mile, compared with 3.823 lb. for the non-heater 
engines, equal to a saving of 2-28  lb. of coal in the smoke-box 
cinders alone, on a consumption of about 47.75 Ib. per mile. 
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The engine with the high-degree superheater only, showed very 
similar results, while after the addition of the high-degree feed-water 
heating apparatus, the smoke-box cinders collected only amounted 
t o  0.26 lb. per mile. Taking into consideration the ash ejected, 
the actual saving is much greater than these figures indicate. 
On account of the lighter draught of the heater engines and 
the obstruction offered by the heater, it is probable that a larger 
proportion of the cinders drawn through the boiler tubes is 
retained in the heater engine smoke-box, than in that of the non- 
heater. The total saving is theref ore probably very considerable. 
Absolute deductions, however, are impossible on this point. 

The reason why the heater engines show greater economy 
over the ordinary engines when on stopping trains than when on 
fast non-stop expresses, is connected with the blast and heater. 
The smoke-box heater offers some resistance to the flow of the 
gases, and has the effect of damping the heavy pulsations of the 
blast when the engine is working at or near full gear. The fire 
is not lifted in the same way. The loss of coal is thus reduced. 
This becomes marked when loads are heavy and stops frequent, as 
is shown in Tables 6 and 7 (pages 374-5). 

The Reduction in Smoke-box Temperatures.-A reduction in 
the final temperature of the waste gases naturally results from 
the use of a smoke-box heater. On ordinary engines of the class 
chiefly dealt with in this Paper, the temperature in the smoke-box, 
when on a fast and heavy schedule, will be as high as 800" F. with 
a 6-inch smoke-box vacuum. The reduced vacuum in the smoke- 
box proper of the heater engines lowers this. In the case of the 
engines Type A, with the high-degree feed-heating system, 750" F. 
is a typical smoke-box figure, while in passing through the smoke- 
box feed-heater the gases fall further, to about 463" F. I n  the 
engines Type B, with the moderate feed-heating and moderate 
superheat, the smoke-box temperature is about 730" F. and the 
final temperature 492" F. I n  engine Type C (high feed-heating 
and high-degree superheating) the draught is so light that the 
smoke-box temperature is no more than 668" I?. at heavy load, 
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and about 634" F. on a slightly lighter rating, with final 
temperatures of 410" F. and 389" F. respectively, the steam 
temperature being about 530" F. 

ECONOMY AND PERMISSIBLE ENGINE WEIGHT. 

It has already been stated that if increase of weight permit, 
an enlarged boiler will result in a certain degree of economy. 
Based upon American practice, Dr. Goss has drawn the full line 
AB, Fig. 15 (page 382), to show the economy that would be 
expected when an allowable increase in weight is utilized in 
enlargement of the boiler capacity of an engine. No great 
improvement can be looked for by the use of this compared with 
other methods available. The ordinary stkndard 4-4-0 engines 
(695-724 class) of the Egyptian State Railways weigh about 
50 tons 15 cwt. without tender. The addition of the Type B 
heating apparatus, and a trimming slab a t  the trailing end, involves 
an increase of about 3 . 7 5  tons, that is, about 7 .6  per cent., while 
coal economy amounting to 30 per cent. results from the addition, 
The Type C combination fitted to Engine No. 712 results in an 
economy of 45 per cent. for an increase of 4 . 7 5  tons, or 9 . 7  per 
cent. These weights are comparatively small for the improvement 
shown. Points representing the installations Types A, B and C, 
are shown in Fig. 15 (page 382) and indicate the superiority of 
these systems as compared with the mere enlargement of boiler 
capacity. A further point in the diagram indicates the position 
of the De Glehn compounds. These engines weigh 67 tons 1 cwt. 
without the tender. They show an economy over the non-heater 
four-coupled engines of 1 3 . 3  per cent. on an increase of weight of 
32 per cent. Judged by the "additional weight" standard, these 
engines show up less well than would, according to Dr. Goss, the 
simple large-boilered engine, a t  least as far as continuous work is 
concerned. However, the heater engines easily have the advantage 
in this respect, both over the large locomotive, as such, and over 
heavy compounds of the De Glehn type. 
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ADDITIONAL POWER. 

A diagram complementary to Fig. 15, would be one showing 
the increase of power, obtained for the increments of weight 
resulting from the introduction of heater systems. Owing to the 

FIG. 15. 
Belation of Ecolzomy-of, various- Systems t o  Increase of TVelght. 

).706. ETC. TYPE B 

I 
NO. 711. ETC. TYPE 1 

/ 
0, 

DE GLEHN 
COMPOUND 

INCREASE IN WEIGHT-PER CENT 

impossibility of carrying out tests in great detail on the Egyptian 
State Railways, the necessary information for this is not available. 
There is, however, ample evidence that enhanced power results 
from the use of these sybtems. Their effect is similar to t h a t  of 
the enlargement of the boiler, namely, to move the " characteristic " 
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outwards on the diagram, so that, at the usual working speeds, 
additional capacity results in increased draw-bar pull, which may be 
utilized either in increase of speed or load. 

It is frequently advanced that, because a t  equal loading an 
economy in coal is shown, a t  equal rates of firing a proportional 
increase of power is secured. When an engine shows 20 per cent. 

economy in coal it is held that a t  equal rates of firing 

the increase in power should be --*,=- Such an 

example is given in Herr Garbe’s book entitled, “ The Application 
of Highly Superheated Steam to Locomotives,” and others are 
constantly met with. The argument is fallacious. While the 
coal-consumption increases along the steep line a, Fig. 2 (page 347), 
the output, upon which power is dependent, only increases along 
the line d, that is, a t  a much slower rate. 

The effect in the first case of high-degree feed-heating (Type A) 
considered on page 361, is to give the boiler of that engine an 
increase in output of from 531,720 B.Th.U. to 632,000 B.Th.U. a t  
equal consumption. This is equivalent to an increase of 18.8 per 
cent. compared with the coal eronomy, at  equal loads, of 24 per cent., 
and with a figure of 3 1 - 5  per cent. found by the common method. 
If general conditions remain unchanged, the increase in available 
power is greater than 18.8 per cent. If a t  speeds of about 200 
revolutions per minute, the power absorbed in engine friction be 
taken, for the sake of an example, to be 20 per cent. of the total, 
the actual increase in power available for overcoming external 
resistances, of the feed-heater engine, is not 18.8 per cent., but 
98.8 - 80 

10-80 

100 - 80 or 25 per cent. 

X 100 = 23.5  per cent. 

I n  the second case (Type B installation), the increase in boiler 
output would be (page 369) from 514,560 B.Th.U. to 632,000 
B.Th.U., or 2 2 - 8  per cent., equivalent to 28.5 per cent. extra 
power. In  case 111, considered on page 376 (Type C installation), 
the combined boiler and superheater output would be increased from 
457,050 B.Th.U. to 632,000 B.Th.U., or  3 8 . 2  per cent., equivalent 
to 47.7  per cent. extra available power. It is here assumed that 
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_____. 

Actual 
Load. 
Tons. 

the heater engine smoke-boxes are normal. Actually this is 
not so. Head resistance must be combined with internal engine 
resistance when estimating additional power at the draw-bar, or 
loading. 

Additional power has resulted from all the heater systems used 
on the Egyptian State Railways. Table 9 shows the results 
for the trials of Engines Nos. 711 (Type A installation) :tnd 
695, described on page 365. Table 3 (page 367) also shows that, in 
ordinary service, Engine No. 7 11 with heaters has averaged heavier 
trains than when the heaters were out of use, and also trains 

Additional Load taken 
by Engine No. 711. 

TABLE 9. 
Additional loading of Feed-Heater Engine No. 711. 

Engine 
NO. 

711 

695 

711 

695 

Class of 
Train. 
Tons. 

250-300 

under 250 

350-400 

250-300 

Average lb. 
of Coal 

per Mile. 

30.2 

31.3 

38.2 

38.2 

1 Tons. 

29.7 

35.4 

heavier than sister non-heater engines. Other engines showed 
similar results. 

The engines fitted with the Type B arrangement are regularly 
employed for the heavier trains. Engines of one class in Upper 
Egypt were specially converted to meet the demand of the traffic 
department for more power, when it was not expedient either to 
purchase new stock or to strengthen the road sufficiently f o r  
engines of much greater weight. They have averaged loads about 
20 tons greater, a t  a smaller consumption, than the ordinary sister 
engines, and are capable of dealing economically with still heavier 
loads. Engines Nos. 706, 714, etc., work in a link with large 
De Glehn compounds and heavy 4-6-0 type passenger engines, and 
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handle, well to time, trains of 405 tons tare behind the tender; this 
is an increase of about 50 per cent. above the oads for which 
they were originally intended. They average regularly 350 tons 
compared with the 270 for which this class of engine is scheduled. 

The limiting load of Engine No. 712 (Type C installation) has 
not been determined by steam-production. This engine runs in 
the link of heavy trains, and, as far as ability to keep time is 
concerned, is thoroughly efficient. Its capacity is limited by the 
risk of running hot with the additional loads, at high speed. The 
bearing surfaces are not now up t o  the standard suitable for 
loading the engine to its maximum capacity. These points could 
be met in the case of new engines, while if, for these reasons, 
the fullest advantage cannot be taken of increased power after 
conversion, the engine will always give some increase in hauling 
capacity with very considerable economy in coal-consumption. The 
additional load taken, a t  equal consumption, by the Egyptian State 
Railways heater engines, is greater than the estimates based on the 
diagrams given in the Paper. Fig. 12 (page 364) shows this to be 
correct, the consumption lines for heater and non-heater engines 
having different slopes. This must he attributed partly to the 
smoke-box heater and its moderating effect on an increase of 
vacuum. [See page 404.1 

PRACTICAL FEATURES. 

Certain matters bearing on the value of the systems dealt with 
in this Paper have been reserved f o r  Appendix I1 (page 401), since 
they are largely affected by local conditions. Practical features 
of general interest will now be taken. 

As the Type A smoke-box heater has been discarded, its 
features will not be discussed. The smoke-box heater in the 
Type B installation, employed on engines like No. 706, is its 
superior in every way. The $-inch tubes used give no trouble. 
All the attention these heaters receive, is to have the front tube- 
plate swept down with a wire brush when the smoke-box is being 
cleaned. The tubes keep clean along the bore, and are self- 

2 E  
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clearing with proper arrangements a t  the chimney end of the 
heater. 

A flue door was introduced into the uptake in the case of the 
installations Type B and C, Appendix I (pages 392 and 397), in 
order to p ~ s s  the gases of combustion direct to the chimney, while 
raising steam, thus enabling lighting up to be carried out in the 
ordinary way. Without this means of temporarily cutting out 
the heaters the engines would take longer to get ready. I n  the 
last type (D) a flue door has not been necessary, for, owing to 
the more direct flow and to the use of tubes of rather larger bore 
(3 inch), the resistance to the gases is less, and lighting up takes 
its normd course. 

The systems described require no special skill in operation, 
such as is needed, for instance, with compounds with independent 
cut-off. The installation Type C requires the small amount of 
adtlition:il attention involved in the working of high-degree 
superheater engines. With Engine No. 712 this is eliminated, so 
far as operation on the road is concerned, because the superheater 
elements are never raised to the limiting temperature, owing to 
the greatly reduced draught. It appears probable that, with so 
light a draught, the superheater element loops might be lengthened 
somewhat without harm, provided that the dampers were properly 
maintained. 

I n  the Type B arrangement there are no adjustments to be 
made nor dampers to be considered, in connection with the smoke- 
box heater, which needs no attention. No change is involved 
with this type in lubrication practice, the temperatures attainable 
with the waste-gas heater not being high enough to give trouble. 
Slide-valves with sight-feed lubrication may, therefore, be retained. 
Mechanical lubricators are, however, gradually replacing the sight- 
feed type on the Egyptian State Railways, but quite apart from 
m y  connection with the heater systems. 

The waste-gas smoke-box heater is exposed to temperatures 
having a maximum in the neighbourhood of 750" F. At these 
temperatures there is no risk of damage, if the heater be empty of 
ste:tm, when it is used for superheating. During any stop a 
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certain amount of hot gas continues to pass from the fire-box to 
the chimney by way of the heater, which is thus kept up reasonably 
near to its working temperature. The use of the blower, or the 
act of blowing off the brakes, increases this flow, and superheat 
results from the start. The smoke-tube superheater, on the other 
hand, takes several minutes to reach its working temperature, 
unless special arrangements are provided. These points have an  
eff'ect on the economy shown in stopping service. 

If the smoke-box heater be used for feed-heating, i t  becomes 
effective as a thermal storage system during stops and periods of 
light work such as drifting. The temperature in this heater may 
rise to 360" F. (with 180 lb. pressure) during a stop, although the 
exhaust heaters are not then in operation, and there is thus a 
supply of hot water ready for transfer t o  the boiler at the first 
demand. The same applies in drifting. This form of thermal 
storage, taking advantage of otherwise waste products, is a gain 
in every sense. Both in feed-heating and in superheating the 
harder the engine works the higher the temperatures attained. 
On rising grades, therefore, when all the steam is needed, the 
feed temperature and superheat are both rather above the average. 
In normal working, with about 30 per cent., or so, cut-off, the 
steam pressure in the exhaust-steam feed-heaters amounts to about 
3 lb. per square inch. The delivery from these heaters then has 
a temperature about 210' F. When working hard with later 
cut-off, the pressure may rise to 4 . 5  lb. per square inch, equivalent 
t o  a steam temperature of about 226" F., and slightly higher feed 
temperatures are obtained, I n  the case of the smoke-box heater, 
the greater draught with the increased cut-off involves an increase 
in the smoke-box temperature, favourable to an increase in feed 
temperature or superheat. 

When smoke-box feed-heating is installed, care must be taken 
when the regulator is closed, in order t o  avoid waste and the 
nuisance caused by blowing o f f .  The use of the injector is then 
recommended instead of the pump, in order to reduce the risk both 
of blowing off, and of trouble from leaky heater tubes. 
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It is found advisable to blow the feed-heating system through 
at regular intervals. On the Egyptim State Railways this is 
done after about 300 miles, when over a pit or drain. A tumbler 
cock, fitted on the pump side of the main exhmist-heaters, with a 

drain-pipe set in towards the pit, is opened, and the special 
clack, Fig. 16, is then raised off its seat by turning the screwed 
spindle, which engages loosely with jaws on the clack valve-head. 
The heaters are thereupon blown through in series, including the 
smoke-box heater, if used for feed-heating. The process is simple 
and quickly accomplished, so that it is readily adopted as one of 
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the regular routine duties. A brge p:wt of the deposit is thrown 
down in the exhaust heaters," and this operation removes a 
considerable amount of scale-forming matter. 

All heater systems dealt with are handled equally well by 
Egyptian as by European drivers. The fastest and heaviest 
trains on the system are regularly entrusted to both classes of 
men, indifferently. I n  order to get the best results, some little 
co-operation is necessary on the part of the men, but experience 
has shown that after a few days they become fully alive t o  the 
benefit of the systems, on the heavier trains especially. 

It is desired, in conclusion, to place on record an appreciation 
of the persevering efforts of those members of the Egyptian State 
Railways locomotive staff who, during the past twelve years, have 
been closely connected with the development of the various systems 
dealt with in this Paper. 

The Paper is illustrated by 16 Figs. in the letterpress and is 
accompanied by 2 Appendixes, illustrated by Plates 7 and 8 and 
11 Figs. 

APPENDIX I. 

THE DEVELOPMENT OF THE HEATERS. 

In the heater systems developed on the Egyptian State Railways, 
the principle has been followed throughout of compelling all the 
waste gases from the boiler, to pass over the heating surface of 
the smoke-box heater. The smoke-box is virtually divided into 
two by the heater, the smoke-box compartment proper, and another 
section beyond the heater, which may be termed the blast-chamber, 
communicating with the chimney. The blast ejects into this latter 
chamber and draws the gases through the heater tubes. Table 10 
(page 390) illustrates some of the steps in the evolution. 

* See page 402. 
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1 

2 

3 

4 

The first of the heaters mentioned below was composed of two 
l u g e  ring-shaped shells set one within the other, Figs. 17-19, 
Plate 7. The water flowed successively round a 2-inch space in 
both heaters before passing to the boiler. Plating, fixed to the 
inner shell and carried back to the smoke-box tube-plate, enveloped 
the tube area. The blast-pipe was carried up through this plating 
to the base of the chimney, the gases being drawn forward from 
the tube-plate towards the smoke-box door, then back through 
the annular space between the shells, and sent up the chimney. 
This was a cumbersome apparatus of small heating surfwe. I n  
No. 2 (Table 10) the annular space was transformed into tube 

Annular Shell Heater 3.53 sq. ft. of heating surface per 1 cwt. 

), Tubular 5.5 ,, , I ,  , 
Twin Drum ,, 24 ,, , 
Single ,, ,, ,, 36 ,, 

TABLE 10. 

Development .f the Snaolce-box Heaters. 

space, Figs. 20-23, Plate 7.  Subsequently a much higher ratio of 
heating surface to weight was secured, by adopting small drums 
containing small tubes (Nos. 3 and 4, Table 10, and Figs. 24 to 32). 

A heater of comparatively high efficiency may thus be obtained. 
The design possesses two valuable features of equal importance to 
the success of waste-gas heating : (1) The boiler tube-plate is not 
obstructed; (2) the best tube proportions for the heater may 
be adopted without regard to limitations of a purely practical 
character imposed by the boiler. The utmost amount of heat may 
thus be abstracted from the gases, a result impossible with a tubular 
heater in the barrel, when the size of the heater tubes is determined 
by questions of rodding, retubing of the barrel, etc. For heating 
purposes, long and relatively small tubes are the most effective, and, 
for a given length, a heater with small tubes is more efficient than 
one limited to large tubes. Moreover in the small heater, circulation 
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is more rapid and the transmission greater. If the boiler tubes be 
shortened in order, as is sometimes done, to provide space for the 
heater, their efficiency is reduced, The resultant lower boiler 
efficiency must be made good in the engine before any net gain can 
be derived from the use of the heater. A small heater with small 
tubes, combined with it normal boiler barrel, is thus better than 
a large but short heater with large tubes and a shortened boiler 
barrel, especially when approximately similar temperatures may be 
obtained with both. From the practical point there is no comparison 
between the two, the small heater interfering in no way with work 
on the boiler. 

An early 
form is illustrated in Figs. 17-19, Plate 7. I n  later arrangements 
the exhaust-heaters were placed on either side of the smoke-box on 
the running board, and consisted of long cylindrical shells fitted 
with tube-plates and small tubes. The water circulated outside, 
and the steam through, the tubes. The pump exhaust-heater was 
similar, but arranged vertically below the pump, on the suction side. 
The feed passes in  series through the two main exhaust-heaters, 
which are supplied by 3-inch branch pipes from the exhaust cavity 
of the cylinder casting. By means of diaphragms inserted among 
the tubes, it is made to traverse the length two or more times. 

The Egyptian State Railways engines of the 695-724 class, 
which are chiefly-referred to in the Paper, are of the 4-4-0 type 
having 18-inch by 26-inch cylinders, a boiler pressure of 180 lb. 
per square inch, and 6-foot 3-inch driving wheels. The grate 
area is 23.74 square feet and they have a heating surface of 
1,108.4 square feet provided by the tubes, and 141.1 in the 
firebox. 

The exhaust-heaters have been of the tubular type. 

Type 8. Installation far High-Degree Feed- Water Heating. 
(Engine No. 7ll).-This class of installation is illustrated in 
Figs. 20-23, Plate 7. It comprised pump-feed and (1) a pump 
exhaust-heater, (2) two main exhaust-heaters, and (3) a large heater 
in the smoke-box, all arranged in series. The smoke-box heater is 
shown in longitudinal section in Figs. 20 and 23. The [-shaped 
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ring-tube plates were 1 foot 11 inches apart. It contained 671 tubes, 
the majority being 8 inch in internal diameter. The boiler-tube area 
was again enclosed as described on page 390, and the blast, arranged 
in the outer space thus formed, drew the gases of combustion 
forward and then back through the heater tubes. Fig. 23, Plate 7, 
shows a form of spark-arrester and ash-hopper which gave the best, 
results. This heater provided about 248 square feet of heating 
surface, and the exhaust-heaters altogether about 147 square feet. 
Feed temperatures (exceeded with later patterns) of 270" F. were 
obtained, with temperatures of even 360" F. for short spells after 
stops. This design was cumbersome and was not adhered to. 

T y p e  B. Installation giring Moderate-Degree Feed-heating and 
moderate Superlteating, or High-Degree Feed-heating only. (Engine 
No. 706.)-The installation, shown in Figs. 24 to 27 (page 393) 
and Figs. 28-30 (pages 394-5) and Figs. 31 and 32, Plate 8, is 
simple and cheap to install. It includes a pump on the driver's 
side, a small pump exhaust-heater and two main exhaust-heaters, 
and a smoke-box heater in the form of a single drum in the upper 
part of the smoke-box. With simple alterations, the latter can be 
adapted either for feed-water heating or for superheating. On the 
Egyptian State Railways it proved, on the whole, most advantageous 
when used as a superheater. Heaters fitted to the 706 class of 
engine contain 943 tubes of 3 inch bore, and have 322 square feet 
of heating surface. Inside, baffles are provided butting alternately 
against the opposite tube-plates. These, and the restricted volume, 
ensure rapid circul a t' ion. 

The concentration of the heating surface in such a drum 
overcomes many of the objections usually raised against smoke-box 
heaters, and also enables effective provision to be made for the 
enclosed blast. The blast-pipe top is enclosed in a hood or uptake 
which, depending from the chimney, envelops completely the back 
tube-plate of the heater. A short petticoat pipe inside the hood 
distributes the effect of the blast evenly over the tubes, and also 
makes it possible to use a blast-pipe which does not protrude far 
into the uptake. The uptake itself and all the heater tubes thus 
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FIG. 30.-Exhaust Feed-Heating and Waste-Gas Superheatiizg System, 
Type B (Appendix I). 

(For Genoral Arrangement see Figs. 24-27, page 393.) 
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become self-clearing. At the back of the uptake is fitted a flue- 
door to facilitate lighting up. The blower and ejector discharge 
are arranged within the uptake. 

The spark-arrester forms a special feature of this install a t' ion. 
Effective spLrk-arresting is essential in countries such as Egypt, 
where conditions are often extremely favourable to fire, and the 
clinlate favours the transport of goods in open wagons, unprotected. 
The standard locomotives, Fig. 33, Plate 8, on the Egyptian State 
Railways are all fitted with spark-arresters and with large smoke- 
boxes, which are found to be a necessary accompaniment of an 
efficient arrester, for which ample area is necessary, in order to 
prevent the netting becoming blind during working, and impeding 
the draught. With large smoke-boxes ample area may be had and all 
risk of the engine failing to steam removed. I n  some of the heater 
engines of the Egyptian State Railways the netting extends across 
the upper part of the smoke-box, just below the heater, the screen 
being completed by netting attached vertically to the door. A more 
convenient form is shown in Figs. 24 to 32. This arrester is like 
a sieve with both sides and end of wire mesh, fixed wholly to the 
door, Fig. 30 (page 395), with which it opens, leaving the interior 
clear. The netting is shaped to fit round the heater, the tube-plate 
of which remains uncovered. The heater itself assists in quenching 
such live sparks as may get through the netting. Their passage 
through the small tubes, and the intimate contact into which they 
are brought with the exhaust, in  the small blast-chamber, is 
very effective in rendering the sparks innocuous, and there is a 
marked absence of glowing cinders ejected from the chimney. 

Waste-gas heaters, such as those in Figs. 24 to 30 (pages 393-5), 
give superheat of 85"-90" F. on 180 lb. per square inch boiler- 
pressure, but heaters have been used giving rather more than this 
(90"-looo), taken at  the root of the steam-pipe near the steam-chest. 
Used in this way, this heater has ,been employed in combination 
with ;,feed-water exhaust-steam heaters giving temperatures of 
about 210" F. When used for feed-heating, in conjunction with 
the exhaust,-steam heaters, feed temperatures above 280" P. are 
obtained. 
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Type C. fnsinllation f'or HigA-Begree Superheating and High- 
Degree Feed-[cater Heating. (Engine No. 712.)-In this case 
an engine was first converted into a smoke-tube superheater 
engine, to the recommendntions of the Schmidt Superheating Co., 
of Wilhelmshohe, and with parts furnished by Messrs. Henschel 
and Sohn, of Cassel, the original builders of this class of engines. 
I n  compliance with Messrs. Schmidt's advice the engine was rebuilt 
with piston-valves, in place of the Egyptian State Railways 
standard slide-valve cylinders. The superheater installation gave 
temperatures rather below usual European practice. A t  180 lb. 
pressure the superheat varied between 200" and 230' F. according 
to load. The engine so fitted, and having the advantage of piston- 
valves, proved to be more economical on coal than ordinary sister 
engines by about 29.8  per cent. 

The further addition of the feed-heating system was carried out 
as in Figs. 34 to 36 (pages 398-9) and Figs. 37 and 38, Plate 8. The 
pump was on the driver's side with its exhaust-heater below it, Two 
main cylinder exhaust-heaters, 7 feet long and 7 inches in diameter, 
were placed alongside the smoke-box. They each contain 82 tubes, 
and provide together 150 square feet of heating surface. I n  the 
smoke-box, two horizontal drum-heaters were placed with their axis 
across the smoke-box. Each contained 465 tubes, and together they 
provided heating surface of 339 square feet. They were connected 
by the cross limb of a large inverted Tee-shaped uptake continuous 
with the chimney. The general arrangement of blast-pipe, petticoat, 
side doors, spark-arresters, side-hoppers, etc., are clearly shown in 
Figs. 34 to 38. A t  the elbow of the blast-pipe, branch connections 
led exhaust steam off to the main exhaust-heaters. On the 
unbolting of two pipe connections to each heater, the latter could 
be withdrawn through the side doors. The sieve-shaped netting 
spark-arresters were fixed to the side doors. The side ash-hoppers 
were fitted with doors and sloping floors. The water-heaters were 
all connected in series. A flue door was provided in the uptake. 
The resultant efi'ect of this installation is rather complex. Feed 
temperatures of over 290" F. were obtained but not with the 
original degree of superheat, for reasons already explained. 
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FIGS. 34 AND SB.-High-Degree Feed-water Heating and High-Degyee 
Superhealiizg System, Type C (Appendix I). 

(Photographs, Figs. 37 and 38, Plate 8.) 

. . . . . . . . -. . . . . . . . -. . . . _ _  . . 
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FIG. 36.-High-Degree Feed-wafer Heating and Higigla-Degree 
Superheating System, Type C (Appendix I). 

(Photographs, Figs. 37 and 38, Plate 8.) 
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Type D,  Installation for High-Degree fluperheating nnd High- 
Degree Feed-water Heating. (Engine No. 712).-Fig. 39 shows a 
later device fitted to Engine 712, in order to remove as much 
apparatus as possible from the smoke-box. The smoke-box heztter 
is carried by a door-plate, and the blast-chamber and chimney 
are removed to the forward end of the1 heater. The flow of the 

FIG. 39.-Typc D Insfallation. 

gases is direct, and less resistance is offered to their passage, tubes 
of :-inch bore having been used in this case. The draught is 
lighter than in the other designs. On opening the smoke-box door, 
the heater and chimney swing clear. No trouble has been met with 
in making the necessary joints, etc., for  this arrangement, which 
therefore appears to have advantages over the installation type c, 
above described. 
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APPENDIX 11. 

In this Appendix information and deductions based on data 
are given, which need to be considered in connection with the 
fact that they relate particularly to conditions in Egypt. 

Costs.-The Type B installation has been applied on a 
sufficiently large scale for reliable costs to be available. The 
new parts required by this system are shown in Figs. 24 to 27 
(page 393). Figures relating to the yearly savings shown by 
the use of heater engines in Egypt would be of small interest, 
since that country is unique in many ways, and costs and savings 
are not on the European basis. However, from figures based on 
Egyptian State Railways records, the relative annual expenses 
shown in Table 11 (page 402) which would fall on ordinary engines, 
engines with the Type B installation, and on De Glehn compounds, 
are given, taking 50,000 as the yearly mileage and 158. per ton 
as the price of coal. The standard 4-4-0 type engines cost 
S2,568 and run to 1.5d. per mile for repairs. New heater engines 
of the same class would, according to figures based on Tenders, 
cost S2,718, and their repairs (allowing for no reduction of boiler 
repairs) would then be slightly under 1 * 7d. per mile. The De Glehn 
engines, which are typically French, cost 24,800 each, built by and 
to the designs of a continental firm, and their repairs amount to 
2.7d. per mile. Allowing 5 per cent. for interest, depreciation for a 
20-year life, and deductions for the two latter types for coal saving, 
the approximations shown in Table 11 (page 402) are arrived at. 

The reduced coal bills for the heater and De Glehn engines are 
based on the figures of Table 5 (page 372), which covered lighting up 
coal, etc., and approximated to service working. In  estimating for 
long periods some discount might be allowed on those figures, but, 
according to them, the inclusive cost of the heaters, whether fitted 
to existing or to new engines, is small enough to be covered by the 
first year’s savings. On existing engbes, it may be pointed out, 
the actual installing involves no expensive work, the worst matter 
to be taken in hand being the possible lengthening or the smoke-box. 

Z F  
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Repairs . , . 

Coal . . . . 
Total . . 

The systems C and D, used on Engine No. 712, have not been 
applied on a scale large enough to warrant figures of cost of 
installation being given, though from the experience obtained their 
practical success would seem to be assured. 

The question of additional power has often an important 
bearing upon the value of expenditure entailed in conversion, and 
this alone will frequently warrant the additional cost. 

325 354.1 562.5 

581.8 625.9 1042 * 5 

754 828 654 

1335.8 1153.9 1696.5 

- - - 

__ -_ - 

TABLE 11. 

Relative Annual Charges against Ordinary, Heater, and De Glehn 
Compound Engines. 

Heater De Glehn 
Compound. Ordinary Engine. ! Engine. 1 

Effect of Usage.-The efficiency of the heaters is well maintained 
in service. I n  high-degree feed-water heating, the deposit found in 
the smoke-box heater has not been great. From the temperatures 
and pressures reached, it appears that the carbonates or soft deposit- 
forming salts are thrown down in the exhaust-heaters. Most of the 
more slowly depositing sulphates are probably precipitated before 
the boiler is reached, but if, as is commonly held to be the case, 
these deposit chiefly where conditions are favourable to a gradual 
concentration of the liquid, they are most likely carried through 
to the boiler, much as usual. Good circulation is encouraged in 
the smoke-box heater. That the boiler is relieved of a large 
aniount of scale-forming matter, is clear from the turbid condition 
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of the water coming from the exhaust-heaters when blowing 
through. There is no incrustation in the pump exhaust-heater. 
The artificial softening of water, now frequently adopted, would 
naturally be beneficial to feed-water heaters. When the smoke- 
box heater is used as a superheater there is no incrustation. 
Records taken on the Egyptian State Railways, for the Type B 
system, before and after running over 45,000 miles, showed an 
apparent drop of 4" F. in the superheat, and 2" F. in the feed 
temperature. I n  the first case, however, the train-load was 16 tons 
heavier than in the second, and it is therefore probable that no real 
drop occurred. 

Life, Deterioration, etc.-The pump deals only with water of 
about 90"-95" F. and may easily be kept in good order. The life of 
the heaters is partly dependent on the water and the irregularities 
of pitting. The heater shells stand well, and steel tubes only 
&-inch thick are found to last in most cases for about 63,000 
miles, a mileage frequently largely exceeded. The life may be 
increased by using speoially treated tubes, or, by increasing their 
thickness. The smoke-box heaters keep clean inside, and remarkably 
free from wastage outside, if raised and kept in the warm dry gases, 
The tubes of these heaters, when used as superheaters, last for as 
much as 72,000 miles. I n  a recent case, after 82,000 miles, only a 
few bad places were found in the whole set of tubes, and no actual 
failures. The practice has been adopted, however, of renewing all 
heater tubes when shopping engines for general repairs. This is 
the heaviest repairs expense, but, comparatively, it is not serious, 
and might even be reduced by the use of brass or copper tubes. 

No conclusive information is available, unfortunately, on the 
effect of the heater systems on boiler repairs. From the improved 
condition under which the boiler works, it would be expected that 
heater-engines would show up better than others in this respect. 
All that can be stated is that, on the Egyptian State Railways, the 
boilers of such engines are extremely light on repairs. 

2 r 2  
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NOTE ON ‘( ADDITIONAL POWER.” 

During the reading of an abstract of the Paper Mr. COWAN 
added a few remarks on the subject of “Additional Power,” 
discussed on page 382. H e  stated that that question had been 
under investigation at Purdue University, but that, according to 
the reports so far published, the additional power realized did not 
come up to expectations based on the commonly accepted argument. 
It seemed to have been expected in connection with that work 
that an engine showing 25 per cent. economy at equal load, would 
show 335 per cent. increase of power a t  equal consumption. 
Instead, an increase of power of only 16 per cent. had been 
attained. The only explanation as yet offered was that the 
cylinder efficiency had been found to be 15 per cent. less with 
the longer cut-off corresponding to the higher output, that is, 
15 per cent. more steam was taken per hap. with the longer cut-off. 
The discrepancy could not be accounted for by that alone. 
Calculated on the method advanced in their Paper, the authors 
estimated that the maximum increase of power to be expected 
would be 20.4 per cent. and not 333 per cent., as anticipated in 
the Purdue tests, while, if allowance were made for the 15 per 
cent. loss of cylinder efficiency reported, this figure would be 
reduced to 17.7  per cent, which was clearly much nearer the 
actual amount found, of about 16 per cent. than was the 334 per 
cent. which had been anticipated. The authors’ method of treating 
that point had been embodied in the Paper about nine months 
before the report on this subject had been made to the American 
Railway Master Mechanics’ Association in 191 2.  
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Discussion on Friday, 14th March 1913. 

The PRESIDENT said he was quite sure that, before any discussion 
took place, it would be the members’ desire to accord a very hearty 
vote of thanks to the authors for their excellent Paper. He  
thought it would be agreed that the authors had arranged the data 
in a most useful and convenient way, starting with the aspects of 
theoretic principles, collating the experience of others, and then 
passing on to  certain experiments; for, after all, though the 
experiments were on a practical scale they had been, so far as he 
understood, applied to existing engines, and did not form part of 
an engine ad hoc; that was to say, not of an engine specially 
designed for the purpose of carrying feed-heater apparatus. 
Useful as the Paper was, the discussion would, he felt sure, 
enhance its value. 

The vote of thanks was carried by acclamation. 

Mr. G. J. CHURCHWARD (Member of Council) cordially endorsed 
what the President had said as to the debt the members owed to 
the authors of the Paper, for setting out in so clear a form the 
results of what had evidently been a long series of very carefully 
conducted experiments. He  noticed that the President had 
touched the root of the whole matter-from his (Mr. Churchward’s) 
point of view a t  least-when he said that the experiments had 
been applied to existing engines: and not to an engine specially 
designed ad hoc. That affected not only himself, but nearly all 
his colleagues in this country, from the fact that they had already 
designed engines up to the absolute maximum limit of the weight 
which they were allowed to carry on their roads, not only total 
weight, but weight per axle. Therefore, when.one had his cupidity 
excited, so to speak, by the splendid figures which the authors 
had brought forward, he a t  once met a stumbling-block in 
the fact that he had to find room for another three to four 
tons on a locomotive which was already right up to the very last 
pound of the weight which was allowed to be carried. But he 
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thought people would not be deterred from emulating the authors, 
i n  seeing what they could obtain out of the smoke-box gases, by 
reason of the difliculty he mentioned. In  this country, and in all 
other countries for that  matter, new locomotives were always 
having to  be built, and he hoped from the  attractive figures which 
had been put before the Meeting tha t  some one would now have the 
courage to embody the authors’ arrangements in an entirely new 
design of locomotive. As a matter of fact, it was absolutely 
necessary that a new locomotive should be designed, to enable full 
advantage to  be taken of all the improvements and arrangements 
which had been set forth in  the Paper. 

The authors could not, so far as this country was concerned, 
have chosen a more fnvourable season for addressing the Instituticn 
on the matter. The railways in this country a t  the present time 
were, if he might be allowed to use a strong expression, being 
“robbed” in the matter of coal to such an extent, that  anything 
which would go to save a pound a mile was very attractive. 
Moreover, the railways were now, if no early reduction in the price 
of coal could be foreseen, able t o  justify an  expenditure to save 
coal, which n few years ago they would not have felt able to do. 
Coal was only one expense in the conduct of trafic-a remark 
which had often been heard in that room before, and it was not of 
the least use to spend a sovereign to save ten shillings’ worth of 
coal. But  at present prices, such savings as had been put before 
the Meeting would make it worth the  Companies’ while to spend a 
good deal of money. 

H e  had been unable to understand the immense loss which was 
shown in the  unburnt fuel. H e  noticed on Fig. 6 (page 350) an 
enormous loss i n  that direction, but he was not able to say that his 
Company was not losing as much as that ; he would be very much 
surprised to find they were, and he would take very early steps to 
find out whether anything like that amount was being lost. If 
there were such a loss as that, a much greater display of fireworks 
would be seen in  night travelling. The Great Western Railway 
ran from London to Plymouth without a stop, taking four hours 
and seven minutes to do the journey. It was not altogether 
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playtime for the fireman during that period. There was no method 
of emptying the smoke-boxes except by the chimney or with a 
shovel when the train arrived a t  Plymouth, and if the loss could 
not be seen going up the chimney in the dark, and it was not 
shovelled out when the train arrived a t  Plymouth, he could hardly 
understand such a loss as about 5 cwt. of unburnt sparks on the 
journey. Of course, to some extent the modification of the draught 
arrangements might have more to do with some of the economy 
than would a t  first appear from the figures. So long as the work 
could he performed, the draught could not be reduced without an 
economy in consumption resulting. I n  using the exhaust injector, 
the experience of his Company had been that the amount of steam 
which was taken away from the blast, for the purpose of heating 
the feed through the exhaust injector, had obliged them to keep 
rather a small exhaust tip for the light running, when the engine 
was running at short cut-offs; and that again necessitated 
arrangements being made for relieving the pressure of the blast 
when doing very hard work up a steep incline. That was done by 
means of an automatic valve in the head of the blast-pipe, which, 
when the pressure got above a certain amount, lifted, and 
automatically enlarged the opening from a 5i-inch pipe up to 
about 6 inches. That had to be done in order to get good steaming 
under all conditions, when so much steam wa.s taken from the 
exhaust for heating. 

He  had no figures as to what amount of exhaust steam was 
taken to heat the feed. As was well known, his Company did not 
use a pump but an exhaust-steam injector-which was in effect a 
beater. When using exhaust steam only, the feed was heated to 
about 180" F.; when assisted sometimes by some live steam, it 
rose to about 210" F.; and if the supplementary injector, which 
was alluded to by the authors, was used, that put it up to the 
figure given in the Paper of something like 280" F. His Company 
had gone further than Bhat, but not in a direction which would 
effect much coal economy. After the feed-water had been passed 
through the exhaust injector, it was put in at  the highest point of 
the boiler in which it could be got, and then it was sprayed into 
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the steam ; the result being that the final temperature of the water 
before falling on the boiler water was just about 40" F., as near as 
could be ascertained, below the temperature of the steam a t  the 
pressure. He  was referring to high-pressure boilers, and the 
figures he was giving were, as a matter of fad,  the figures which 
were obtained from boilers carrying 225 Ib. per square inch. 

He  was surprised to find the authors had not made a claim in 
their Paper for a further heavy reduction in the wear and tear of 
boilers. According to the experience of his Company, the heating 
of feed-water effected a very considerable reduction in the wear 
and tear to  which the boiler was subjected, and if no coal economy 
was obtained a t  all it was well worth, in his view, heating the feed 
in order to obtain that economy in the boiler repairs. 

The authors had touched upon a point which was one of much 
discussion a t  the present moment, namely, as to the question 
between what was called moderate superheating and high 
superheating. It was hardly necessary for him to acknowledge to 
a meeting such as the present one, that more economy of coal was 
obtained from high superheating than from low or moderate 
superheating. That went without saying, but it also went without 
saying, up to the present time a t  any rate, that the higher the 
huperheating the more trouble occurred, especially with the 
lulnication. The question of the amount of superheat to use 
under ordinary conditions was one, he thought, with which all the 
members ought to associate themselves in the way of some 
experiments of the kind which had been undertaken by the authors, 
in order to show really what amount of superheating it was worth 
getting before too much trouble arose with the cylinders, valves, 
lubrication aitd so forth. The renewal of piston and valve-rings, 
according to his Company's experience-which had tried high 
superheating-was so frequently necessary, that it was a rather 
heavy deduction from the saving which was obtained. The holding 
up of a locomotive for  the renewal of valve and piston-rings was 
quite a serious matter, especially in a busy season. 

I n  reading the Paper, one point had struck him-as it had 
with regard to many other similar Papers-namely, the extreme 
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difficulty of making comparisons ; in other words, of estimating the 
value of some successful experiment which had been made on some 
other railway. There was no standard of value by which a saving 
made on the Lancashire and Yorkshire Railway could be compared 
wiLh the saving which was made on the Great Western Railway. 
For his own part, he thought engineers would never get to the 
highest development of the locomotive-or anything else for that 
matter-unless they were associated together in making some 
common experiment on a machine or  an engine as the case might 
he. It would be an engine in the present case which might be 
employed on trial for a certain period on each of the railways. If 
the authors had kindly brought over one of the locomotives, and he 
could have borrowed it for a few weeks, he would have been very 
much more confident as to the results to be obtained from the 
experiment at the end of that period. It was the same in this 
country. It had been suggested by a very eminent general manager 
in England that there should be an arrangement amongst t8he 
railways in regard to experiments, but he did not know if that 
gentleman went so far as to suggest a common fund, but he (Mr. 
Churchward) suggested that if any such arrangement were come 
to, there should be a common fund-by which locomotive after 
locomotive could be built and each railway have it for a certain 
period. Then he thought some comparative figures could be arrived 
at, which would enable the railways-probably after his time-to 
design a perfect locomotive. 

As he had already mentioned, his Company applied not high- 
degree superheating but a little more than moderate si iperheating- 
a superheating of about 120° to 130°, combined with very high 
feed-heating, but they had not done what the authors had done, 
and which he thought they should do if  it were found practicable 
within the limits of their weight, and that was- that his Company 
had not taken out any of the rather large amount of waste heat 
which was being put up the chimney through the smoke-box gases. 
The extra advantage which the authors had, must undoubtedly 
have been obtained from reducing the temperature of their smoke- 
box gases from (according to their own estimate) 713" or 800" to 
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400" F. There was an evident saving which could not be 
overlooked, and in that respect he thought locomotive engineers in 
this country had not gone sufticiently far. If he had a smoke-box 
large enough, he would begin to-morrow and see whether he could 
get some of it out, but he would first have to design a more elaborate 
smoke-box. He  was sure the members would join with him in 
thanking the authors for their most valuable figures which they had 
put before the Meeting. 

(Vr. G .  J. Churchward.) 

Mr. GEORGE HUGHES (Member of Council) thought most of the 
members were fairly well acquainted with the type of smoke-box 
adopted by the Lancashire and Yorkshire Railway, and they would 
probably remember that in one design a t  any rate it was about 
5 feet 7 inches in diameter and nearly that in length, and that 
there were only two pipes inside of it. Consequently, when he 
looked a t  the design on pages 398 and 399 of the Paper, and 
remembered what was taking place in the cylinders, the 
complications of the Egyptian engines were most bewildering. 
But he must admit that the results obtained also made him very 
envious. It was a curious thing that when the members assembled 
to talk over locomotive problems, the discussion always turned on 
the boiler, the fire-box, or the blast-pipe ; and it was quite evident 
from the first paragraph in the Paper that the authors had 
realized that fact. It would be a t  once admitted that the engine 
itself did not give any trouble, but the boiler was a continual 
worry. 

There was another important phrase in the first paragraph 
(page 345), and he would paraphrase it by saying that it was a well- 
ascertained fact, that broadly speaking, for all practical purposes, 
the horse-power developed after a locomotive and a train had just 
got under weigh was practically constant, or, in other words, that 
the horse-power depended on the amount of steam which the boiler 
could produce, or, to be more concise, in other words amgain, on how 
many British thermal units the boiler could send to the cylinders. 
That was really the characteristic on which the question of super- 
heating turned, or, putting it in another way, which steam would 
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do the most work-a large weight of saturated steam, or a smaller 
weight of superheated steam. 

With regard to the provision of equal loads, that is to say, 
loading up a heavy engine with only a smaller engine’s load, he 
was sure Mr. Churchward had been in the same difficulty in which 
he himself had been, namely, of being very much concerned a t  
times on seeing big engines going about the country with only a 
light load behind ; and the speaker had not been satisfied with the 
explanation that it was a balance trip or that it would be loaded 
up later on in the journey. The Lancashire and Yorkshire 
Railway had consequently put a dynamometer-car behind certain 
goods trains, in which the heavy engine was loaded up with an 
equal load to a lighter engine, and the experiment was carried out 
as far as was practicable on precisely the same conditions, using 
the same driver and fireman; and it was found that the heavy 
engine hauled the light engine load with an economy of 1 cwt. of 
coal per 100 tons haul. 

It was quite possible to go through the Paper paragraph by 
paragraph and discuss them all. It was full of conundrums and full 
of points for debate, but he was only going to deal very briefly with 
the first nine pages, which gave a splendid foundation and established 
a drawing-office ready reckoner for the future, when Iocomotive 
superintendents had to deal with the question of superheating or 
compounding or feed-heating, or any other device for obtaining 
fuel economy. I n  his company’s drawing-office they used the facts 
that of the available heat in the fire-box, they only obtained 65 to 
70 per cent. as saturated steam a t  the regulator, and that in the 
transference of heat into work only 8 per cent. was obtained on 
the piston-rod, and then by internal friction only 5.6  per cent. was 
obtained a t  the draw-bar, and as far as their experience went 
superheating improved this 5 - 6 per cent. to 6 * 5 per cent. When 
the St. Louis experiments were remembered-and they had been 
quoted very extensively in the Paper-it would be found they 
really proved that the locomotive possessed a high standard as a 
steam-power factor. The authors also showed in the first nine 
pages that the efficiency of the locomotive boiler degenerated as it 

The lighter engine was not overloaded. 
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WAS forced. He rather emphasized that point, because throughout 
the Paper he had gained a suspicion-rightly or wrongly he did not 
know-that the authors' non-heater engines had been overloaded, 
and that being the case the heater engines obtained undue 
advantage. It appeared to him also that the authors had very 
carefully tried one thing a t  once and then a combination, and then 
had very lucidly worked out in British thermal units and allocated 
to each separate detail its respective credit. The Paper was not 
easy to grasp a t  one reading; when one went through it a 
second time, one began to realize that there was a remarkable set of 
six conditions to deal with. First, there was the simple feed-heat 
from the pump-exhaust which gave 25" to 30°, or which brought 
the feed up to 90" F. Second, there was No. 1 plus something 
from the cylinders, which brought the feed up to 210" F. Third, 
there were the first two plus the heater in series in the smoke-box, 
which brought the feed up to 290" F. Fourth, in connection with 
the three previous, there was the moderate superheat to 85' to 
90" F. Fifth, high superheating; and Sixth, any combination of 
the Eve. So that, taki=g the items step by step, one obtained quite 
a concise summary of the Paper. 

The first set of figures relating to results were in connection 
with high feed a t  270" F. He would not deal with the figures on 
the tests, because in the second series of results test figures were 
not given, but service figures; and in the first set he desired to 
remark that the authors stated that the coal was for train service 
only, and in the second series the coal was for the full service. So 
that strict comparisons were not obtained. Moreover, the tests 
were generally speaking on one engine only, and it was well known 
what an "only child" was. The results on the first series with 
270" feed-heat pump gave 22, 27, and 18 per cent. saving, but the 
authors said in the text that generally it was 18 to 204 per cent. 
Rightly or  wrongly, he was going t o  fix on that 27 per cent. as the 
weak link in the authors' particular chain, because when the next 
series of tests came to be dealt with, it would be found that with 
the feed a t  210" F. and a moderate superheat a t  85" to 90°, a 
saving was obtained of 30.8 per cent. per ton-mile, and 20.25 per 
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cent. over the De Glehns. Were the additional complications in 
the smoke-box really worth that additional 3.8 per cent. economy, 
when the question of maintenance and so on was taken into 
consideration? Moreover, in the second series of tests, the 
authors stated that the De Glehn engines, which were really 
20 tons heavier than the non-heaters, were now doing the work- 
which rather proved to him that the non-heaters hitherto had been 
overloaded. I n  the third series of tests, where there were high feed 
and high superheat, extraordinarily high figures were obtained, and 
judging from the phraseologyused in the Paper he thought the 
authors were not exactly satisfied with the ground for the figures 
obtained. I n  connection with the first set of results, on page 365 
a diagram was shown, upon which he would like to  enlarge, Fig. 40 
(page 414). If the diagram on page 365 were looked at, it would be 
found that the heater engine 711 was right down a t  the bottom of 
the square. The authors were perfectly justified in doing what they 
had done, but it appeared to him to be a little “ window dressing ” 
on their part. 

The curves, Fig. 40, he submitted were the true perspective of the 
diagram on page 365. Now the comparison he wanted to  make was 
in connection with Table 8, on page 428 of the Paper he had read 
at the Institution some time previously on ‘< Compounding and 
Superheating,”* and the point he wished to bring out was that 
the speaker’s results were, broadly, similar to the authors’. As the 
loads in  his case were on that side of the 400 to 600 tons, he 
naturally got higher up on the diagram. 

There were many points in the Paper upon which he could 
enlarge, but time was rapidly passing, and consequently he would at 
once refer to his own direct personal experience on the Lancashire 
and Yorkshire Railway, and briefly say that they had tried exhaust- 
injectors, and although the authors said that they obtained 9 per 
cent. eoonomy, his Company only obtained 4, and had a great 
deal of trouble with separating out the oil. His Company recently 
put on the road five large coal engines fitted with a well-known 

* Proceedings, I.Mech.E., 1910, Part 2. 
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FIG. 40.-Coal Consumption per ton-mile. Simple and Compound Engines. 
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feed-heater, and the results up to the present time-although he 
had not been able to investigate them from the ton-mile point of 
view-were encouraging. It was well known that there was quite 
a number of superheater engines on the Lancashire and Yorkshire 
Railway, and so far, he had only had experience with the 
Schmidt. Out of the number running, twenty engines had been in 
competition with twenty simple engines, and the figures, brought 
down to the 31st August 1912, were as follows: The mileage for 
the superheater engines was 867,514, and for the non-superheater 
engines 744,454. The ton-mileage was 332,208,505 for the 
superheater engines, and 270,940,977 for the non-superheater 
engines. The total coal-consumption was 63,974,731 lb. and 
63,397,584 lb. respectively, showing an economy for the superheaters 
of 13.4 per cent. per train-mile and 18.3 per cent. per ton-mile. 
It would be realized that those were large figures, and he might 
safely add that, if they had been carried out absolutely under test 
conditions, a t  least 5 per cent. more would have been obtained. 
He  desired to add one remark as to cost, namely, that after an 
experience of six years it had been found that the superheater 
engines did not cost more for maintenance than the non-superheater 
engines. 

Discussion on Thursday, 3rd April 1913. 

Mr. LAWFORD H. FRY said the Paper offered two points for 
discussion, first, the theoretical method which the authors had 
used for calculating the probable saving by the application of 
superheating and feed-water heating ; and, secondly, the practical 
application of the devices. I n  connection with the theoretical 
method, he thought it would have been well for the authors to 
have called attention to the quality of the coal with which the figure 
on page 347 mas obtained, since the relation between eficiency and 
the rate of firing depended very largely on the composition of the coal. 
To illustrate that point, he showed a diagram, Fig. 41 (page 416). 
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Line a was the line so marked in the Paper, and represented 
the heat in the coal fired. Line d was also taken from the authors’ 
Paper &nd showed the heat taken up by the boiler and used in 

Fra. 41.-Relation between Rates of Coaz Colzsumption and Evaporation 
with regard to Quality of Coal. 

8 TH.U 

a 

HEAT TAKEN UP BY WATER 

$GAS COAL (GOSS) 

I 
.&FRIABLE COAL (GOSS) 

(FIG.2 OF PAPER) 
  FRIABLE COAL 

REDUCTION i r i  
COAL CONSUMPTION 

20.B% 
. 23.0% 
19.5 % 

evaporation. H e  had left out the lines between these two, which 
the authors used to show the distribution of the losses between 
unburnt coal and heat in the smoke-box gases. To the figure 
he had added the line e, which was obtained from tests made 
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by Professor Goss on an entirely different boiler, but with a 
coal very similar to that of line d. H e  had also added a line f, 
showing tests made on the same boiler as the line e, with a 
con1 having a much higher volatile content. The coals to which 
lines e and d corresponded had about 15 per cent. of volatile 
matter, while the coal represented by the line f had about 35 per 
cent. The difference in the efflciency a t  the high rates of 
combustion was very marked. A considerable difference was also 
met with when the authors' method was applied. For instance, the 
upper horizontal line represented the original rate of heat absorption, 
and, with the authors' coal, corresponded to a rate of firing of about 
80 lb. of coal per square foot of grate per hour. If the rate of 
heat absorption was reduced to 515,000 B.Th.U. per hour as 

represented by the lower horizontal line, the rate of firing with the 
coal of line d was reduced, as the authors had shown, from 80 lb. to 
58.5, showing a saving of 26.9 per cent. When the coal with the 
higher percentage of volatile matter was taken, the original rate of 
heat absorption of 632,000 B.Th.U. took place, with only about 
641b. of coal per square foot of grate per hour, and if that were 
reduced to the lower line, representing a heat absorption of 515,000 
B.Th.U. per hour, the rate of firing was reduced to 51 Ib. per 
square foot of grate per hour, and the saving was only 19.5 per 
cent. The authors in  applying the curves to their figure had taken 
great care to make the necessary reservations to  obtain satisfactory 
results, but he thought a word of warning might be given for the 
sake of those with less experience, so that  it might be clear that the 
curves d were not applicable in every case. 

Before referring to the practical application, he desired to call 
attention to the figures on pages 401 and 402 comparing the 
compounding and superheating. The De Glehn compound engines 
were evidently of a special design, and he thought they were hardly 
properly comparable with the superheater engines. If the engines 
were of similar design, it ought to be possible to obtain a compound 
engine at a cost not more than 10 per cent. greater than that of the 
single-expansion engine, instead of about 75 per cent., as shown by 
the figures in the Paper. The repairs, too, on a simpler type of 

2 0  
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compound would be considerably less, and altogether the annual 
charges for an engine of similar design to the ordinary engine, but 
with compound cylinders, would be some $400 less than the figures 
given in  Table 11 (page 402) for the De Glehn engine. Of course 
the figures given were perfectly correct for the Egyptian State 
Railways compounds, but were hardly a fair representation of the 
cost of compounding compared with the cost of superheating. 

Coming to the practical application, he thought that the majority 
of locomotive engineers would experience a certain reluotance to 
putting what looked like a very complicated arrangement of pipes 
into the smoke-box. They would want t o  be assured of real and 
important savings and of great certainty of operation. I n  respect 
to the question of repairs, he thought that further particulars as to 
the length of life of the feed-water heaters would be of importance 
The authors said (page 403) that the life of the heaters was dependent 
on the water and on the irregularities of pitting, and that the steel 
tubes lasted in  most cases for about 63,000 miles. The success of 
the heater in practical work would depend largely on the number 
of failures which occurred before the engine was ready to be 
shopped for general repairs. If the tubes failed at less than 63,000 
miles, it would mean that the engine would be thrown out of 
service on account of the feed-water heater, before otherwise 
required to go to the shops for repairs. As certainty of operation 
was of even greater importance in a locomotive than high economy, 
a very few premature failures of the feed-water heater would 
handicap the system severely. 

Turning to the pitting of tubes in feed-water heaters, this was, 
he said, a ditticulty frequently encountered, but its origin was 
somewhat obscure. I n  America many of the large Mallet 
locomotives had been fitted with feed-water heaters in the extension 
of the boiler, and very considerable trouble had been experienced. 
The pitting appeared to be worst with water of good quality, the 
incrustation deposited by the harder water protecting the tubes 
and shell of the heater. 

To illustrate the type of heater used on the Mallet locomotives 
and the method adopted for overcoming the pitting, he showed an 
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illustration of a large Mallet engine, Fig. 42. The forward part of 
the boiler had been made into a feed-water heater, which was not 
put in primarily to obtain economy but as a means of utilizing the 
forward length of the boiler. As would be seen, the regular boiler 
on the rear portion had tubes 21 feet long. It was not desirable to 
make the tubes very much longer than that, so, to provide weight on 
the forward engine, the boiler was given a feed-water heater about 
5 feet 3 inches long. As at first built, this heater was kept 
completely full of water, the injectors delivering the water at the 
sides, while from the top of the heater the water was taken out 
and fed back into the boiler proper for evaporation. With this 
arrangement, considerable difficulty was encountered by reason of 
the pitting of the tubes, and finally the feed-water heater was 

FIG. 42.--Mallet Articulated Locomotive for the Oregon Railroad 
and Navigation Co. 

connected with the boiler proper by two pipes below the level of the 
water in the boiler, thus steam was allowed to collect on the top of 
the water in the heater. That had largely done away with the 
difficulty in pitting, and had not made any noticeable difference in 
the efficiency of the boiler. 

If he had spoken of the difficulties, the authors would recognize 
that there were still a number of problems to be solved before feed- 
water heating took its place as a normal feature of locomotive 
practice. He desired, however, to record his admiration of the 
courage with which the authors, foreseeing the great economy, had 
attacked and overcome SO many of the difficulties. He  would 
also like to express his admiration for the method in which the 
theoretical side of the subject was presented in the Paper. [See 
also page 461.1 2 a 2  
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Mr. C. J. BOWEN COOKE (L. and N.W.R.) said the authors gave a 
Inass of figures which required some considerable time to digest 
thoroughly ; but i t  seemed to him (Mr. Cooke) that the principle 
on which they went was that the wnter of i i  locomotive, before 
going into the boiler, must be heated by waste products without 
:my expense, and the steam, after pzssing through the  boiler, 
must be hextecl i n  a similar way without expense, before being 
passed on to the cylinders. H e  thought that was a proposition 
over which every engineer dealing with looomotive construction 
had been thinking very carefully for a long time. The matter 
had been piit before them in  a very practical way, and the 
whole of the theoretical side had also been very thoroughly gone 
into. Whilst, undoubtedly, there were difficulties in the way of 
feed-water heating, there was no doubt the subject had been put 
before the Institution in a way which he was sure would be of great 
benefit to all locomotive engineers i n  the country. H e  would like 
to say that, with English experience, it was somewhat difficult to 
understand how the  efficiency of the boiler was maintained with the 
complicated arrangement of feed-water heater-pipes in the smoke- 
box, particularly with the type C arrangement, where the gases 
from the boiler tubes had to follow such a tortuous passage before 
arriving a t  the chimney. The experience on the London and North 
Western Railway in  experimenting with various forms of spark- 
arrester, which had of necessity to be placed in the same position as 
the feed-water heater i n  the smoke-box, invariably showed that, on 
very heavy loads a t  very high speeds, the steaming efficiency of the 
engine was certainly curtailed. I;t was, therefore, a matter for 
further experience to  show whether there would be any difficulties 
of that  sort when dealing with English locomotive practice, and 
also whether, by using the feed-water heater described, the benefits 
derived from it would be reduced by the initial cost of installation 
and the expense of upkeep. On the London and North Western 
Railway various forms of feed-water heaters had been tried, but the 
result, so far, had not been very encouraging. It would also 
rather appear that  the further somewhat complicated arrangement 
might place extra work on the driver and fireman in attending to 
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the pump, etc. ; and whether that  would militate against the due 
observation of their other important duties was a matter which 
experience would determine. 

With regard to superheating, he did not think any member 
would for one moment express any opinion except that  the results, 
which had been found by all railways who had exploited the subject, 
had been of the most satisfactory character. Engines fitted with 
superheaters had shown that, not only had the economies which had 
bee11 promised been amply fulfilled, but also had made the locomotive 
far more efficient both in hauling pover and speed-factors which 
perhaps were even as important in the main as coal economy. 

H e  desired to say a few words with regard to Mr. Churchward’s 
most captivating suggestion tha t  it might be possible for railway 
oompanies l o  subscribe to build, for experimental purposes, a 
locomotive which would be the common property of all the railways 
concerned. H e  believed the idea was originally broached by Sir 
Frank Ree, the General Manager of the London and North 
Western Railway Company. Such an  arrangement might be made, 
and a t  a comparatively small cost when divided up amongst a number 
of companies, and the experiments would no doubt prove most 
useful. On the other hand, it could not be denied that the 
requirements of different railway companies were not comparable 
in many instances. For instance, the two companies running north 
to  Scotland and west to  Penzance, namely, the North Western and 
the Great Western, taken all round did have a fairly comparable 
state of affairs. The North Western had a fairly level road up  to  
Crewe and a very hilly road on northwards. The Great Western 
in a similar way had a level road down to  Bristol and farther west 
had to  contend with heavy gradients. Both companies had to  make 
provision for hauling very heavy trains at the maximum speed with 
long non-stop runs, and they were able to  construct locomotives to 
do that efficiently, because in both instances the permanent way 
had been brought up t o  date. But such was not the state of affairs 
in the case of some other railway compasies. Many other railways, 
which might justly be considered to be principal main iines of the 
country, did not liave to contend with exactly the same conditions ; 
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and therefore either in constructing engines or even in  fitting 
them with superheaters, where the distance between stops was a 
very great factor, they could not be said to be comparable. To a 
great extent, each locomotive engineer in  designing his engine had 
to cater for the special needs of his own line. There was also 
another aspect of the question. It might possibly tend to minimize 
a desire to alter the design to meet individual requirements, because 
the moment the accepted standard was agreed upon by common 
consent, if it was departed from in the least the standayd would go 
to the wall altogether. Having said so much, if Mr. Churchward 
would seriously follow up his proposition, he (Mr. Bowen Cooke) 
would be quite willing to recommend his Directors on the London 
and North Western Railway to participate, as no doubt the trials and 
experiments made by different railway companies with R common 
locomotive would enable them to deduce some dependable data, 
which would be useful for locomotive engineers in future designs. 

I n  conclusion, he might opine that there might be some little 
difficulty in  settling who should undertake the responsibility of 
designing such a model locomotive, as, apart fi-om individual 
requirements, the cost of altering standard parts would have an  
important bearing on the commercial aspect of the general question ; 
and he could not help thinking that whoever undertook the task 
would naturally be inclined to work in, so far as he could, his own 
designs and his own particular parts of the engine which he was 
going to send forth on its trial throughout the kingdom, H e  
thought also it would be rather a good thing, if such a proposition 
eventually did come to anything, if somebody was appointed who 
would undertake to see it through with all the compmies concerned ; 
and as the suggestion had been the outcome of Mr. Trevithick's 
most interesting Paper, he could not imagine that that  gentleman 
could better follow up his honourable career with the Egyptian 
State Railways than by helping to bring railway companies into 
line, if the idea of a common locomotive ever bore f ru i t .  

Mr. C. HUMPHREY WINCFIELD said the key-note of this most 
interesting Paper was struck on the first page, where the authors 
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said if “ the rate of firing ” (that is, per square foot of grate area) 
“ is brought down,” increased economy resulted. Fig. 4 (page 349) 
indicated that in locomotives the coal burnt per square foot of 
grate per hour varied almost directly as the draught, expressed in 
inches of water column. I n  torpedo craft this relation was different, 
the coal consumption varying more nearly as the square root of the 
height of the water column. He suggested that the reason for this 
difference might be found in the fact that the thickness, and 
therefore the resistance, of the fuel on the grate of torpedo-boats and 
destroyers varied with the draught pressure, being kept as small as 
was consistent with absence of holes in the fire, whereas he believed 
i t  was much more constant in the case of locomotives. 

The reasons usually adduced for the economy experienced, when 
superheated steam was adopted, were :- 

(1) Reduction of cylinder condensation. 

(3) 11 ,, radiation. 
(4) 17 ,, leakage in joints and slide-valves. 

(’) 11 17 pipe 7 1  

Very few people now claimed any important thermodynamic p i n .  
The authors had brought forward a new reason :- 

(5) Less partly-burnt cinder was blown into the smoke-box 
because, owing to reduced steam consumption, less coal had to be 
burnt and hence a softer blast was sufficient. 

Of course the reduced steam consumption referred to in the 
last paragraph was partly due, as the authors pointed out, to the 
heat saved by feed-water heaters ; so that, where these were fitted, 
the waste due to cinders and sparks might be expected to be less 
than with superheat alone. 

Fig. 43 (page 424) illustrated the authors’ statement on page 378 
that the condensation in the feed-heaters of part of the steam 
leaving the cylinders was equivalent to a ‘‘ virtual ” increase of the 
size of the blast-nozzle. In order to make this clear, he had greatly 
exaggerated the amount of condensation, which was assumed in the 
diagram to be as much as two-fifths of the steam which would 
otherwise issue from the nozzle. This was shown in Fig. 43 
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by dividing tlie cuwent of steam entering the left-h:tnd end of 
tlie pipe at A into five layers, the condensation of two of which was 
diagrammatically represented by two of these layers flowing through 
the branch D at the side of the pipe. The remaining three liiyers 
had to  expand sufficiently to fill the original area of pipe, t o  do 
which they liacl t o  increase t o  a thickness (see end view at c!), which 
.~v:ts the same as if all five layers had been led into a nozzle, the 
area of whicli was five-thirds of the original one, this area representing 

FIG. 4 3 . 1 “  Virfual Increase ” o j  Blast- 
Nozzle duc to Condeiasatiow in FIG. 44.-Effcct o j  Coieical Nozzles 

Feed-heaters, on  Draught. 

A 8 C 

... ...: : . . .._... . . .. - 

1 

the ‘‘ virtual ” nozzle described by tlie authors. H e  thought, however, 
tha t  as the perimeter of the actual nozzle was so much less than 
that of the ‘‘ virtual ” nozzle shown in the end view, its inducing 
action on the bhst  woulcl not be S O  effective, altliough evidently 
sufficient for what was required. 

B e  had noticed that truncated cones were sometimes placed 
between the funnel and blast-nozzles of locomotives. KO doubt 
conical .‘ petticoats ” were of value in locomotives for locating a 
“sink,” or point towards which the gases from the boiler tubes 
flowed, bu t  it appeared possible that they were a disadvantage in 
other respects. 

 at UNIV NEBRASKA LIBRARIES on June 5, 2016pme.sagepub.comDownloaded from 

http://pme.sagepub.com/


A P K I L  1913. LOCO. SUPEI111EAl’ISG AKD FEED-WATER HEATING. 438 

In Fig. 44 he had shown an  experiment made in order to 
ascertain whether an “ induced draught ” could be efficiently 
obtained by means of a fan, without the disadvantage of 
pxssing the hot gases through it. On one side of the box the 
discharge pipe F from a fan was fitted so as t o  blow straight across 
into a larger pipe C on the other side, intended to  represent a 

OF GRATE PER HOUR 

locomotive chimney. An  anemometer A was fitted to a hole at  
the other end of the box, through which the induced current of air 
entered, and a “U-tube” manometer M indicated the degree of 
vacuum produced. It was found that, with cones arranged as 
shown, the inducing effect was insignificant, but when these were 
removed, as shown to the right of the figure, several inches of 
vacuum were a t  once produced. 
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There was a critical point in the curve of Fig. 6 (page 350) 
which was not evident as originally plotted. This point was very 
apparent on Fig. 45 (page 425) on which he had re-plotted the curve 
logarithmically. I n  this form the curve became two straight lines, 
of different inclination, meeting a t  a point representing a 
consumption of 77.4 lb. of coal per square foot of grate area. By 
measuring the inclination, he found, calling the coal per square foot 
of grate per hour “G,” that the weight of cinders varied as 
(G)” up to this critical point, but that at higher rates of 
consumption the cinders varied as (G)2’J7. Possibly the weight of 
the ‘‘ cinders ” was balanced at this point by the increased force of 
the draught, which would account for the sudden increase of waste 
a t  the higher rates of combustion. 

He  had not observed, a t  the time Mr. Lawford Fry’s Paper was 
published, how very large a part of the total loss of heat was 
attributed to solid matter blown into the smoke-box. He  had 
attempted to make a rough check of this ‘‘ loss in unburnt fuel ” 
shown in Fig. 1 (pxge 346), based on the particulars given in Figs. 6 
and 7 for Youghiogheny coal, but the result indicated that it was 
not possible to obtain a useful check in this way ; partly no doubt, 
owing to the Youghiogheny coal having a different calorific value 
and specific gravity to that used on the trials represented in Figs. 1 
and 2. If the grate areas were different in the two sets of trials, 
the quantity of cinders and perhaps their calorific value would, no 
doubt, also be affected. Perhaps the authors in their reply would 
be kind enough to give the calorific value of the coal represented 
by Figs. 6 and 1 respectively, and also the grate areas in each case. 

He gathered, from a further study of the Paper, that each 
diagram was intended to be taken as complete in itself, and that 
the authors did not contemplate their use in combination. He 
could find no suggestion, for instance, that the results shown on 
No. 2 curve of Fig. 7 (page 352) were taken from the cinders obtained 
from the boiler giving the results in Fig. 6, and it would be well, 
perhaps, if they would add a word of caution against using the 
data obtained from one trial in conjunction with those from 
another-even if from the same engine. 

(Mr. C. Humphrey Wingfield.) 
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The authors mentioned (page 387) that “ both in feed-heating 
and in superheating the harder the engine works the higher the 
temperature attained.” No doubt this was partly due to the 
increased temperature of the gases in  the smoke-box which, 
in  the cases of Figs. 4 and 5, varied approximately as the 

It was also due, 
however, to the velocity of the steam or water past the metal of 
the heating tubes, as well as to that of the gases. So far back 
as 1897 Professor Ripper t pointed this out and said, “i t  was 
found, in ordinary practice with superheating, if the load on the 
engine was reduced, the temperature of the steam immediately 
began to fall, though there was no appreciable chanye in the condition of 
t h e j r e  ; on the other hand, if the load was increased, the superheat 
of the steam increased also.’’ This was with a stationary boiler 
in  which the rate of steaming did not, as in the case of the 
locomotive, affect the rate of combustion. Seeing nevertheless that, 
in  Professor Ripper’s experiments, an increased velocity of steam 
through the tubes resulted in a higher degree of superheat, it would 
appear that, in such circumstances, increased superheat corresponded 
to a decreased temperature of the superheating tubes. This 
sounded paradoxical, and he would be glad to know if the authors 
could in any way confirm such a conclusion. 

H e  would be very interested to know how the tubes were fitted 
in the tube-plates of these superheaters and feed-heaters, and if 
any loosening or other trouble was experienced from expansion and 
contraction of the tubes. 

The point made on page 383 was an important one: a gain of 
18.8 per cent. of the gross power produced represented a much 
larger percentage of the brake or useful horse-power. 

coal per square foot of grate per hour.* 

* The same relation held good, approximately, in the trials of a 
Thornycroft water-tube boiler recorded on pages 68 and 69 of vol. xcix, 
Proceedings Inst. C.E., but it could not be taken as a universal law 
without further confirmation. 

t Ripper on “ Superheated Steam Trials,” Proceedings Inst. C.E., 
1897, vol. cxxviii, page 60. 
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Referring to Fig. 9 (page 358), on which ‘‘ the only records yet 
published showing the effect of progressive superheat on steam 
consumption in locomotive service ” were plotted, Mr. Wingfield 
said he was rather surprised to find they fell on a straight line. 
The shape of the anthors’ diagram was, however, confirmed by 
Fig. 46 on which he had plotted the results of a trial by Professor 
Schroter on a tandem compound stationxry engine, which also 
fell on a str;Liglit line. Assuming for the present tha t  further 
investig:btion would show that the saving per horse-power alaxys 

FIQ. 46.-ExarnpEcs showing Straight-line Law of gain due to Siipe~hcat. 

I 

350’ 48 
SUPERHEAT-DEG. FAHR. 

plotted as a straight line when the power was regulated by the 
6hrottle-vnlve, he had plotted three other trials, in each of which, 
however, only two spots were amilable. Two of these were 
practically parallel with Professor Scliriiter’s curve, and the fact 
that  their inclination was less than that of the locomotive curve, 
reproduced from Fig. 9, showed, as might be expected, that  in the 
more economical type of engine the gain due to superheat, expressed 
as pounds of steam per i.h.p. per hour, was less than in the case of 
a rion-condensing engine ; this gnin in the latter being 3 -81 lb., 
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and in Professor Schr6ter's trial only 1.01 lb. for each 100" of 
superheat. I n  the third trial referred to above, which was made 
by Sir James Ewing on an engine in Holland, the slope was very 
steep, and although this was a compound condensing engine, the 
gain due to superheat was apparently much greater even than in 
the locomotive type. A large part of this gain, however, was due 
to the fact that the horse-power when working with superheated 
steam was 47 per cent. greater than when working without it, 
whereas in the other stationary engines the horse-power was nearly 
constant." 

Mr. D. E. MARSH said that, on ghncing through the Paper, he 
had been surprised to see the very high economies effected in certain 
cases from feed-water heating and also from low temperature 
superheating, but he thought he had cleared his mind somewhat 
when he came across some other figures, showing that in the 
Egyptian engines there was more to come and go a t  than was the 
case with some of the English locomotives. H e  had noticed, for 
instance, that there were cases in which the smoke-box exhaust 
gases ran up to between 700" and 800" F. No doubt, when 
measures for arranging superheating and feed-water heating were 
applied to those engines, high economies would accrue. H e  desired 
to  ask the authors to state in their reply whether those results had 
been corroborated in  the course, say, of observation of the year's 
coal sheets. H e  himself had been buoyed up with great hopes in 
experiments on trial locomotives by the happy results arrived at in 

* Since the Meeting some tests made with superheated steam on the 
yacht "Idalia," by Dr. S. Jacobus, who was well known as an extremely 
accurate experimenter, had been published in the Mechanical WorM for 
11th April 1913. Mr. Wingfield had plotted the water per h.p. per hour on 
Fig. 46, and it was interesting to see that the spots were all close to a 
straight line. It should be noted that the steam used by feed, air, and 
circulating pumps was included, but that the i.h.p., by which the total 
weight of steam was divided, was that of the main engines only. This would 
account for the '' economy " being so poor, and the gain from superheat so 
considerable, namely, 5.1 lb. per i.h.p. hour per looo superheat. 
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it specified trial ; but a t  the end of the year the expected economies 
had not been achieved. From experiments he had made with feed- 
water heating, he agreed with the authors that great economies 
could be effected by the proper introduction of a feed-water 
heater. He did not like tampering with the smoke-box end of 
the engine, for the reason that, as long as the locomotive engineer 
or his assistants were present to see that the arrangement in 
the smoke-box had attention, it would be looked after, but when 
it was out of the running-shed and away from the observation 
of the locomotive engineer or his inspectors it had to look 
after itself. He thought anything in the smoke-box, especially if 
it was an arrangement filled up with tubes, would, in the smoke 
side, become clogged with soot, and on the water side in course of 
time it would become clogged with scale. He had come to that 
conclusion by fixing a diaphragm in the barrel of a boiler similarly 
to that pointed out in the photograph, by one of the speakers, in 
the Mallet engine. He  had not been troubled with pitting of the 
tubes in that part of the boiler, as was his experience, but he had 
been troubled with encrustation of the tubes from the feed-water 
heating. It was a most efficient feed-heater in the first place, but 
it gradually deteriorated, until there was very little economy by the 
time the engine had to go into the engine-shed to have its tubes 
changed. The tubes were so corroded up that they had to be 
cut off. 

Personally, he preferred the somewhat antiquated method of 
feed-water heating by condensation. Although it was old-fashioned, 
he thought it was the most practical method a t  the end of the year, 
because there was nothing to get out of order ; and if  an arrangement 
was made to take the feed-water from near the surface of the water 
on which the steam was condensed, the feed-water could be got 
into the boiler very near to boiling temperature. Critics of that 
method would no doubt refer to the boiler getting blocked iip with 
grease and oil from the condensed steam, but from a practical point 
of view he found, instead of it being deleterious, it was a great help 
in keeping down the scale in the boiler. A locomotive boiler could 
not be treated in the same manner as a land boiler, because there was 
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no trouble in  getting fats and oils encrusted on the top of the 
fire-box or  the tubes, and if that did arise no harm would result ; 
there were stays every 4 inches in both directions and a collapse of 
the boiler never occurred, but as a matter of fact such a deposit 
never appeared. It seemed to mix with the chalk in the water 
used for making the steam, and it really aided the washing out of 
the boiler a t  the end of the week, the chalk being removed in the 
form of sludge. I n  fitting such a feed-water heater to the engines 
on the London, Brighton and South Coast Railway, he started with 
engines of one type and split them up into three, fitting a feed- 
water heater to one section, a superheater to another section of the 
same type, and a feed-water heater and a superheater to another 
section. He also ran some of the same type without feed-water 
heating or superheating. The result was that a t  the end of the 
year from the coal sheets the economy of feed-water heating over the 
engine which had neither feed-water heater nor superheater showed 
roughly 15 per cent., and that of the superheater of a high superheat, 
GOO" F., showed from 20 to 25 per cent. varying in the different 
engines. Part of these savings could be attributed to the reduction in 
the amount of unconsumed fuel referred to by the authors. I n  the 
engines fitted with feed-water heating and superheating, the sum 
of the above economies was not realized. It was found that the 
temperature of the feed-water did not become so hot when the two 
systems were used conjointly. 

While on the subject of superheating, he might say that he was 
not altogether in agreement with the authors, or with the last 
speaker, in saying that the line on the diagram was a perfectly 
straight one in practice. The usage of a locomotive could not be 
compared with that of a land engine, for the simple reason that the 
locomotive was rushing through so much air and there was SO much 
more condensation. He had found, as far as monetary saving a t  the 
end of the year was concerned, that there was not much in the first 
100' or so of superheat, but that all the economy was effected 
when somewhere about GOO" F. of the heat of the steam used in 
the cylinders was reached. He would much like to hear from the 
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nuthors what the results were a t  the end of a long period, in 
reacling the coal sheets, of those different engines so fitted as 
described in  the Paper. 

Mi.. WILLIAM ~ T E I R  said that, although daily associated with 
the very largest feed-heating and feed-pumping installations, they 
were, however, of the marine class, and it was only during the last 
two years that his experience had widened to locomotive practice. 
Accordingly it was with some diffidcnce that he ventured for a 
few moments to remark on a Paper which certainly merited the 
members' most sincere congratulations. The analysis of the different 
factors involved in feed-heating processes was practically complete, 
and afforded little opportunity for criticism or further enlightenment. 
The thermal saving in those processes was quite definite and easily 
calculated, but the actual economies obtained were considerably 
greater than was accounted for by the heat saving alone. The 
chief reason for that  was clearly shown by the authors to be the 
reduction in unburnt fuel losses under feed-heating conditions, as 
compared with equal power production without feed-heating. 

The values obtained in practice, indicated on Fig. 11 (page 363), 
were in  striking agreement with the curves deduced from Dr. Goss's 
experiments, and in that connection perhaps the authors would 
allow him to add two points to their Fig. 11 to confirm their views 
still further. The first was a result obtained with an  ordinary 
exhaust-steam feed-water heater fitted to a locomotive on an 
important Continental railway. The comparative trials with and 
without the heater were very carefully carried out, and they were 
carried out at a fixed power production. The heater engine gave 
16 per cent. economy over the other, the feed temperature being 
raised from 62" to 185' F. That point it would be noticed came 
rather above the line of coal saving shown in Fig. 11, and he 
believed the tendency was for the saving actually obtained to be 
somewhat greater at the lower range of heating than at the higher. 
The next point was taken from a comparative test on an English 
railway system and covered an  almost exactly similar range of 
heating, but the economy was 11.3 per cent., that was, slightly 
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over the calculable thermal saving. The reasons underlying the 
differences in the two cases had been well brought out by the 
authors. I n  the first case the power productions on the locomotive 
were exactly the same; in the second case the heater locomotive 
was called on to do more work, and due to its ability to do more 
work the coal economy did not reflect the total benefit. Another 
curve would be necessary to  show that benegt which would represent 
cod economy plus the increased commercial value of the locomotive. 
It was to be doubted if, a t  its rated output, the locomotive of 
thirty years ago consumed much more coal per i.h.p. than its 
modern representative, neglecting of course superheater locomotives. 
Accordingly, any improvements of the order of from 12 to  40 per 
cent. in coal economy as indicated in the Paper merited the closest 
possible attention. No administration could afford to neglect 
savings of that nature, provided they were obtainable without 
sacrifice in other directions. 

The Paper submitted three alternative economy methods, each 
method being capable of separate detailed consideration, and each 
method was characterized by independent initial cost, maintenance, 
and reliability, while, in addition, each possessed its own degree of 
fuel.economy. The three methods were feed-water heating by flue 
gases, feed-water heating by exhaust steam, and superheating. 
Approximately the comparative fuel economies might be taken as 
7& per cent., 15 per cent., and 20 per cent. It had always appeared 
to him somewhat strange that of those three available methods, 
the last, superheating, had received the greatest degree of favour 
and adoption, particularly with regard to its application to existing 
locomotives. He  did not think it would be denied that that method 
entailed the .greatest initial cost and the greatest maintenance 
charge, and for existing locomotives the maximum structural 
alterations. 

I n  marine practice, the same three economy methods had been 
open for adoption, with the result that exhaust-steam feed-heating 
had become universal. When he said exhaust-steam feed-heating 
in marine practice, he referred to auxiliary exhaust-steam feed- 
heating, because of course the main exhaust was all condensed. 

2 H  
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Flue-gas heating had been tried, but on account of the chemical 
and physical conditions of working, the rate of tube upkeep had 
proved too great and consequently practically no examples were in 
existence in running. Superheating for marine work had been 
adopted to a certain limited extent, but it could be quite fairly said 
that the commercinl bdance-sheet of its advantages had not yet 
disclosed an over-all economy of such a degree as would warrant its 
universal adoption. Accordingly, he desired to  submit that if 
economy methods were to be adopted, more especially for existing 
locomotives, the primary adoption should be that of simple exhaust- 
steam feeding. The present Paper justified the adoption technically, 
while from the commercial standpoint the following factors might 
be advanced ; the initial cost of applying exhaust-steam feed- 
heating to existing locomotives would be about one-fourth that of 
frtting superheaters to those locomotives ; depreciation and repairs 
would be in about the same ratio, while the coal economies would 
be in the ratio of 3 to 4. 

He quite appreciated that eminently satisfactory results were 
being obtained by superheating, but his contention was that the 
true line of progress was to feed-heat first and superheat afterwards ; 
in 'other words, to adopt the easiest and most profitable method 
before proceeding to what might be termed a higher degree of 
refinement. From experience he was justified in saying that, from 
the point of view of manipulation-and he thought Mr. Bowen 
Cooke would agree with him-a pump-fed locomotive boiler was 
superior to an injector-fed boiler. The authors' experience was 
interesting as corroborating his own, that drivers greatly appreciated 
the extra flexibility of feed obtained with the pump. I n  many 
cases, that had enabled r2 lower water-level to be carried, with 
consequent improvement in the dryness of the steam generated, 
while the fitting of the pump entirely did away with the possibility 
of drowning the boiler at a critical period. 

With regard to the question of reliability and risks of breakdown, 
the two sources of f d u r e  were possibly the failure of heater tubes 
and the failure of the pump. By the use of suitable material and 
tube section, the failure of heater tubes could be eliminated, 
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excepting perhaps where the water was bad. I n  a flue-gas heater, 
tube troubles were much more likely to occur, and in that connection 
he would like to ask the authors what proportion of the upkeep 
cost referred to was due to the exhaust-steam portion of the heater 
and to the flue-gas portion. The conditions under which the feed- 
pump had to work were somewhat exacting. It could have no 
attention on the road, and it had to vary its speed through a very 
wide range to be able to start immediately the steam was taken off. 
Recent experience had shown, he thought, that a satisfactory gear 
was available for working under those conditions. 

MI-. JOHN W. SMITH (G.C.R.) agreed with Mr. Hughes that 
there was a great deal expressed in the first paragraph of the 
Paper. The whole of the power required by an engine had to 
be taken from the coal through the medium of the boiler, and all 
locomotive engineers knew the conditions their locomotives were 
called upon to fuKl-the hauling of heavier trains for long distances 
and the keeping of faster time-had necessitated heavier engines 
with larger boilers, and it became necessary to consider the merits 
of every arrangement that was likely to improve the efficiency of 
the machine in relation to the coal and water consumed. The 
subjects dealt with in the Paper were two which were interesting to 
all locomotive engineers, especially at the present time. Feed-water 
heaters and steam-superheaters were both, in various forms, being 
tried to bring about economies, and, from the authors’ point of view, 
for decreasing the work the boiler had to perform and to increase 
its efficiency. 

The authors stated (page 368) “ if part of the exhaust steam be 
efficiently employed in raising the feed to temperatures approaching 
the maximum, its utilization in this manner is productive of more 
economical working than its use in the blast would be, in 
maintaining a higher smoke-box vacuum.” He would like to ask 
first, why it was necessary to have a higher smoke-box vacuum than 
was needed to keep steam. All locomotive engineers were well 
aware that, in proportion to its size, the locomotive boiler raised more 
steam in a given time than any other type of boiler. This increased 

2 H 2  
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steaming capacity of the locomotive boiler was chiefly brought about 
by the action of exhaust-steam from the engine passing through 
the blast-pipe and chimney. The object of the blast-pipe was for 
the purpose of keeping steam, and he thought in a properly designed 
engine the size of the blast-pipe nozzle could be so fixed that there 
was very little steam going to waste ; that is to say, practically the 
whole of the exhaust-steam power N ~ S  required to maintain the 
steam-pressure in the boiler. Some years ago the Great Central 
Railway Conipsny had been interested in trying to do away with the 
blast-pipe altogether, and he had had the good fortune to go to 
France and other places in order to make inquiries and see what 
could be done in that direction. H e  found out that a French 
engineer, M. Farcot, had invented a fan for the purpose, which was 
being tried on one of the French railways ; the arrangement was 
workable, but besides occupying considerable spzce it appeared to 
him to be difficult to stop the fan satisfactorily when the en,' vine was 
running without steam, and to get the hot gases through quickly 
enough. He  made some calculations to find out what power was 
required to drive a fan in order to replace the blast-pipe, and 
quoting from memory, he thought that on an average it required 
over 40 h.p. It would therefore be seen that the blast-pipe 
arrangement formed a very important part of the locomotive, and 
without it the boiler would not maintain stearn. Still following 
up his inquiries, he met Mr. S. C. Davidson, of the Sirocco Works, 
Belfast, who informed him that he had been experimenting in the 
Same direction in conjunction with some English engineers, and 
Mr. Davidson strongly advised him not to try a fan on locomotives, 
as the result of his experiments led him to the conclusion that the 
usual blast-pipe arrangement common to all locomotives was as 
simple an arrangement as one could desire, and for efficiency i t  
would be difficult to beat. The fans he (the speaker) had made had 
been abandoned. 

There were two ways of getting heat for the feed-water heater ; 
first of :dl there was the exhaust steam, and secondly the waste 
gases. lteturning for a moment to the subject of exhaust steam, it 
had to be borne in mind that the size of the blast-pipe nozzle had 
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to be designed to suit the various kinds of coal that might be used. 
MI.. Bowen Cooke and other engineers knew well that the best coal 
was not always put on a locomotive tender, and therefore some 
margin had to be allowed on the size of the blast-pipe nozzle, in 
order to obtain steam with an inferior class of coal that might have 
to be burnt from time to time. It followed that, with good coal, 
there would be a little more exhaust power than was necessary to 
keep steam in the boiler, leaving some to spare for feed-water 
heating. Under these conditions, it seemed to him that the very 
old device, which he first saw used on engines built by the late 
Mr. Fletcher for the North Eastern Railway, of having a valve, 
known as a L L  Jonathan" valve, on the cylinder steam-chest, with a 
connecting pipe leading into the water-tank, was a very useful and 
simple arrangement. When the engine fit,ted with this device was 
making steam freely, the valve was opened as required, and part of 
the exhaust steam used to heat the water in the tender, the 
temperature of the water being kept below the working limit of 
the injectors. I n  this way a certain amount of heat was utilized, 
which would otherwise have been lost. Apart from these simple 
arrangements, it seemed to him (Mr. Smith) it was only necessary 
that the blast-pipe should be made to suit the requirements of the 
boiler, and he did not see why it was necessary to go in for a 
complicated feed-water heater which lasted for about 63,000 miles. 
It was well known that some locomotive engines ran that distance 
in about nine months, which of course meant a renewal of the 
feed-water heater in this time. He  would like to ask the authors 
whether the blast-pipe nozzle to obtain the results given in the 
Paper was not smaller than it otherwise need have been, and 
whether they considered the savings were not largely neutralized 
by prime cost and upkeep in conjunction with the complications of 
the feed-water, and the obstruction which it caused in the 
smoke-box. 

With regard to the waste gases, it was quite clear from the 
diagram on page 346 that the greatest loss was due to unburnt 
fuel. The exact amount, of course, depended on how much coal 
was burnt per square foot of grate per hour. It seemed t o  him 
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that  them was some outlet in that direction for taking advantage 
of something which was a t  present lost. As to the loss in waste 
gases, he thought that  the best way to utilize that would be with a 
superheater, and most of the British railways were a t  the present 
time trying superheaters. The Great Central Railway had a large 
number of engines fitted with superheaters, and the fitting and 
upkeep was not found to be a serious matter, and certainly great 
economies were obtained. He  had experimented with engines 
some yea,rs ago, and recorded a smoke-box temperature of 1,000" F., 
but that was not usual. This high temperature was obtained when 
working a heavy train up a steep gradient, going west out of 
Birmingham on the Midland Railway, with the engine in full gear, 
steam wits being exhausted a t  high pressure, and the smoke-box 
vacuum was extreme. The normal smoke-box temperature was 
only from 600" to 700" F. 

With regard to the degree of superheating, his Company's 
experience had been that the economy increased as the temperature 
of the superheated steam rose, and so far as could be gxthered 
a t  present, the maximum workable temperature would be reached 
when lubrication troubles and gland difficulties commenced. At  
630° and 650" F., temperatures which were obtained by Mi.. 
Robinson's superheaters on the Great Central Railway, no trouble 
whatever was experienced. He  did not know how near they were 
to the breaking-down point, but certainly a t  these temperatures 
they had no trouble. 

The authors seemed to make a point that there was a gain by 
using a pump instead of i ~ n  injector. He admitted that they gave 
figures which went to prove that, but he could not quite realize 
them. IChe steam for feed-water heating was originally obtained 
from the boiler, and then steam had to be taken from the boiler to 
work the pump in order to put water into the boiler. Was the 
pump a more. efficient piece of apparatus than the injector ? He 
had always understood a pump was used chiefly to deal with water 
a t  high temperatures, although in the Paper it stated in most cases 
the feed-water heater was placed between the pump and the 
boiler. 
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Mr. COWAN, interposing, said that this was .done in all cases. 

Mr. JOHN W. SMITH, continuing, said he could not quite see where 
the advantage lay in using a pump as compared with the injector. 
He quite agreed that the pump might be made to respond a little 
better to the fireman’s wishes, but still with the very good injectors 
that could be obtained, either a very small quantity or the maximum 
quantity of water could be thrown with very little trouble. 

Mr. W. A. LELEAN said he could not but admire the courage of 
the first-named author of the Paper who had taken upon himself 
the task of introducing a somewhat novel form of superheater. As 
other locomotive engineers might be thinking of introducing the 
same type, he thought it would be interesting if he gave the 
conclusion at which his firm (Messrs. Rendel, Palmer, and Tritton) 
had arrived, in considering the sending of locomotives to India, 
which were as follows :- 

With reference to type-in spite of the success and the perfection 
which the author had reached after fourteen years’ of pioneer work 
-there seemed a consensus of opinion that the smoke-tube type 
was more satisfactory on the whole. Briefly, the other conclusions 
were :- 

(a) That some form of automatic damper gear was desirable 
to avoid burning the “ elements,” especially when 
lighting up. 

(b )  That steam-pipes for the superheated steam must be of 
steel, solid-drawn, and with steel flanges screwed on 
and riveted over, or welded on. 

(c) That piston-valves were desirable and were used almost 
universally, and that their use made by-pass valves 
desirable to prevent knock at low speeds. 

(d) That forced-feed lubrication was also almost universal in  
this country, whereas sight-feed was almost equally 
universal in America, and that one large British line 
at least was using nothing but sight-feed lubricators, 
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H e  thought it might be further interesting to know the general 
effect they had found from adding a smoke-tube type of superheater 
to a standard design of locomotive. Taking a 0-6-0 engine 
weighing about 47 tons, the superheater added about 1 . 3  ton, and 
the difficulty arose through most of this weight coming a t  the front 
end. The matter, however, worked out simply in practice, as by 
inserting a cast steel distance-piece between the cylinder flange and 
front tube-plate, thereby carrying the boiler back 6 inches relatively 
to the frames, the weights on the wheels were satisfactorily 
redistributed. It was thus found possible to make the engine, with 
its frame and all its details, practically to duplicate with engines of 
the same type working with saturated steam. The boiler in the 
same way was made to duplicate except for the actual flue-tubes 
and tube-plates and the damper fittings, etc. The cost, therefore, 
of fitting a superheater to a standard engine appeared one that 
could be easily estimated. A t  the same time from their experience 
the actual cost seemed to suggest that 100 per cent. had to be 
added to the preliminary estimate. 

A point which had struck him very much in the discussion was 
the remark of Mr. Hughes, who had stated so emphatically that 
the introduction of the superheater on the locomotive had not 
added to the cost of upkeep. I n  that connexion his (Mr. Lelean's) 
firm had found in every case that they had been able to reduce 
the boiler pressure 20 Ib. per square inch by the introduction of 
a superheater. From that alone they expected a very material 
saving in repairs, as an offset against the capital cost of installing 
the superheater. As indicating the economy to be expected in the 
upkeep of the boiler, they had found that in actual practice on a 
particular railway, the life of fire-boxes of boilers working a t  180 lb. 
per square inch was roughly three years, at 160 lb. pressure fire- 
boxes lasted six years, whereas in some of the older boilers, in 
constant service, but working at  140 Ib. pressure only, ten years' 
life could be got out of the fire-boxes. I n  that connexion, therefore, 
he thought it would be a valuable contribution to the information 
of the Institution if Mr. Hughes could say how far the balance had 
been struck between saving in boiler upkeep and possible loss in 
wear and tear elsewhere. 
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Mr. H. N. GRESLEY (G.N.R.) said there was one point on 
page 358 to which he would like to draw attention. The 
conclusion come to by the authors was that "as regards egciency 
of steam generation, the combination of the waste-gas superheater 
and boiler ranks first." He did not think a locomotive could be 
considered from the point of view of the boiler only ; it had to be 
considered from the point of view of the boiler plua the engine. 
It was true that better thermal efficiency would be obtained out of 
a boiler which was of the ordinary type with a smoke-box 
superheater, but the low degree of superheat obtained-90" F.- 
only increased the volume of the steam by something about 10 per 
cent. With a high degree superheat of 200" F., the volume of the 
steam was increased by 25 per cent. ; and on the Great Northern 
Railway he had had some experiments made on engines of which 
the steam was superheated up to 300" F. At the present time he had 
engines running a t  700" F. temperature, and so far, although they 
had been running for some considerable time, no trouble whatever 
had been experienced with the lubrication. Therefore he thought 
the remarks of Mr. Smith (page 438) about 630" I?. being the limit 
which they had tried, and which Mr. Smith thought was rather 
near the maximum, were rather on the low side, because the higher 
the steam was auperheated the greater the volume was increased. 

With regard to  exhaust injectors, it was stated in the Paper 
that there was an economy of 9 per cent. He  thought Mr. Hughes 
had said that, so far as the Lancashire and Yorkshire Railway was 
concerned, they had not been able to get so good a result. He  
(Mr. Gresley) could confirm Mr. Hughes' remarks, because, although 
there was an economy, so far as the Great Northern Railway was 
concerned, they had not been able to get anything like 9 per cent. 
from exhaust-steam injectors. 

With regard to dampers, he believed they could be abolished 
altogether on superheater engines, provided some means were 
employed of preventing the elements getting too hot. That could 
be done by putting the snifting-valve on the saturated side of the 
header, so that directly the steam was shut o r ,  the cold air was 
drawn in through the elements, keeping them from getting 
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overheated. The air itself was heated, which prevented the cylinder 
from getting cold. The result was that when the steam was turned 
on again, one did not get the condensation which one would get if a 
damper was used and the superheated elements got cold. 

I n  conclusion, he would say that if an engine was fitted up with 
an  experimental appamtus, his experience had been that, whilst it 
was watched, good economies would be obtained, but that  after it 
was allowed to take its chance with all the other engines, such 
economical results were very seldom maintained ; in  fact, generally 
speaking, they were very disappointing. He had had an example 
of that with two engines which were put, for three months' service, 
on to two or three regular trains in  order to t ry  the comparative 
combustion. The engines were superheated, and they rm the 
trains for three months. They had a long mileage which was 
favourable to a low consumption per train-mile, and the result was 
something like 30 lb. per mile. Those engines were sent out with 
the other engines and allowed to take their chance, and the 
consumption immediately rose to 40 lb., and he believed that was 
about a fair figure. The point of his remark was that too much 
reliance could not be placed upon experiments with locomotives 
which had. been too closely watched. 

Mr. A. J. HILL (G.E.R.) said that the authors had brought 
prominently to the notice of locomotive engineers, questions which it 
was necessarytheyshould payattention to in order to e b c t  economies. 
I n  this connexion, he might mention that his general manager was 
not of the type to  which a previous speaker had referred, as he 
looked for economy as well as punctuality of the trains. The price 
of coal was such that at present it was desirable to experiment with 
any apparatus in their locomotives which might lead to a reduced 
consumption of fuel. 

There were a few points on which he would like to ask for 
information. One was that to which Mr. Gresley had just referred, 
on page 358, namely, " As regards efficiency of steam generation, 
therefore, the combination of the waste-gas superheater and boiler 
ranks first. Probably the ordinary boiler ranks second and the 
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high-degree smoke-tube superheater boiler third, but this does not 
appear yet to have been definitely determined ; it is possible their 
relative positions are not the sameat all powers. Last of all stands 
the moderate-degreeismoke-tube superheater boiler.” H e  could not 
quite follow the order of the efficiency which was put down by 
the authors, and he quite agreed with Mr. Gresley that the 
efficiency of the engine as a whole had to be taken and not the 
efficiency only of the boiler as R steam generator. 

The authors stated (page 376) that  ‘‘ when high-degree feed- 
heating is combined with superheating, the superheating is reduced, 
but to what extent is yet uncertain.” H e  was not quite clear what 
the authors meant by that, and he did not follow that  it was 
a necessity for the superheat to be reduced in consequence of the 
adoption of feed-heating. In  his opinion i t  was quite possible for 
the two, namely, feed-heating and superheating, to be effectively 
arranged without the one interfering with the other. 

The authors further said, ‘‘ Also, superheater engines are 
commonly fitted with piston-valves, to which part of their 
performance should rightly be credited, instead of the improvement 
being wholly imputed to the superheating system.” He (the 
speaker) was experimenting with superheater engines fitted in the 
one case with slide-valves and in  another case with piston-valves. 
H e  knew that to some extent he was singular in that, but he 
thought Mr. Hughes was also continuing to do the same in some 
circumstances. Although the speaker admitted that piston-valves 
were more suitable in some ways, he was not yet satisfied that it 
was necessary in all cases to adopt them, particularly where it 
meant to some extent the re-designing of the engine and the 
putting in of new cylinders. It might pay to fit the engines with 
superheaters and retain the old cylinders with the “ D ” valve, and 
in that connection he had been looking into the question of the 
comparative results from piston-valves and slide-valves. H e  
thought at the most it could not be suggested that more than 
from 1 to 1& per cent. saving was due to the piston-valves. 

H e  desired to say one word in  connexion with Mr. Churchward’s 
remark as to a trial engine, following what Mr. Bowen Cooke had 
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said. He  quite appreciated that there would be many advantages 
accruing if some such experiment was carried out; but as Mr. 
Bowen Coclke hinted, there were great difficulties in the way, one 
of which-at any rate one with which he would have to contend- 
was the question of load. Unfortunately all railways were not SO 

favourably situated as the Great Western and the London and 
North Western Railways were, and he thought, until permanent- 
way engineers arrived at a definite agreement with regard to the 
weights of engines which they would allow, any such experiment 
would be exceedingly difficult to carry out and, if carried out, 
the results obtained would not be truly comparable. 

Mr. W. A. STANIER (G.W.R.) said that two points had struck 
him in reading through the Paper. H e  did not think the size of 
the cylinders and the size of the blast-pipes on either of the 
engines had been mentioned, and that, he thought, had a 
considerable bearing on the steaming capacity of the boiler. He  
believed it was generally found that the size of the blast-pipe had 
to be reduced when superheated steam was used, and usually the 
top of the blast-pipe had to be set lower. He  quite agreed with 
one speaker’s remark that “ h e  preferred to keep the smoke-box 
clerar.” The practice on the Great Western Railway was to keep 
the smoke-box arrangements as simple as possible. An old saying 
of a driver was that ‘‘ unless the fire burned bright under the door, 
his engine would not steam.” To ensure the fire burning bright 
under the door, the blast should pull on the bottom tubes, and it 
seemed to him that if the bottom of the smoke-box was blocked 
up with a, feed-water heater, or any other arrangement, some 
difficulty would be experienced in keeping the fire bright under 
the door. 

Nothing had been said in the Paper about the effect on 
lubrication of the superheafed steam with the smoke-box 
superheater as used on the Egyptian State Railways. The 
temperature of the superheated steam had a considerable effect 
on lubrication, if it was at a high temperature. So far as the 
Great Western Railway experience went, it required some agent 
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or some special arrangement to spread the oil. He  did not think 
the trouble was that the temperature of the steam affected the oil, 
but the difficulty was in spreading it. He would like to know if 
the authors could give any information on that point. 

Another point which Mr. Hill had raised (page 443) was with 
regard to the ordinary slide-valve for superheated steam. The 
Great Western Railway had fitted a number of their older classes 
with superheated steam, and these engines all had flat valves. One 
of the main troubles was with the bronze of the valves when the 
superheating was a t  a high temperature, but otherwise, with the 
superheating at a moderate temperature, no trouble was 
experienced. He desired to express his appreciation of the 
theoretical and practical way in which the Paper had been 
presented to the Members. 

Mr. P. J. COWAN, in reply to the discussion, thanked the 
members on behalf of Mr. F. H. Trevithick and himself, for 
the kindly reception accorded to the Paper. That reception had 
been the more gratifying to the authors, because, when the Paper 
had been prepared, the opinion had been expressed to them in 
Westminster that, as it dealt largely with work in Egypt, it was 
not likely that it would be considered worthy of much attention a t  
home, but might arouse interest in countries still farther afield, 
such, for instance, as Australia. The thoroughly representative 
character of the discussion satisfied them that they had been 
correct, however, in their opinion that the subject was worthy of 
much wider attention than had thus been suggested to them. 

Mr. Churchward had raised a point (page 406) fundamental to 
the correctness of the deductions made in the Paper when he had 
argued that Fig. 2 (page 347) showed too great a loss in unburnt 
coal and that a loss on this account of 5 cwt., which amount he 
appeared to have figured out from the Paper, for a run from 
London to Plymouth, would be excessive. Fig. 2 was based on 
one of the series of the St. Louis tests; it was Fig. 1 converted. 
In 1906 a t  the close of a Paper which he read before that 
Institution, Mr. Churchward had recommended members to 
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procure and study the report on the St. Louis tests, which, he 
said, were to his mind the best that had ever been made. If, after 
the lapse of seven years, Mr. Churchward now found them 
unsatisfactory in some respects, it was, to use an Americanism, 
" up t o  him '' to provide engineers with something better. He  was 
the only person in England in a position to do that, and until he 
did so it was only possible to make the best of such data as was 
available, coming from testing plants in America. The Great 
Western Itailway possessed the only testing plant in this country, 
and the authors considered it a matter of regret that it had not 
been possible to use that plant to some extent a t  least in the 
same manner as that belonging to the Pennsylvania Railroad, 
Locomotive engineers had not available for analytical purposes a 
single series of tests on a British locomotive. For all information 
of that kind they had to rely on the results obtained on the two 
well-known American plants and published in that country so 
unstintingly . 

Mr. Churchward had suggested building a trial locomotive out 
of a common fund, and other speakers had referred to that 
proposal. It was not for him (Mr. Cowan) to say what the 
outcome of  such a proposal might be, but the difticulties in the 
way were manifest. The authors put it forward, however, as 
worthy of consideration that the Council of the Institution might 
do worse than approach the Great Western Railway Company, with 
a view to carrying out a series of tests on representative British 
locomotives, in the manner in which the Institution now carried 
out research in other directions, but with the difference that the 
bulk of the cost might be defrayed out of a common fund such as 
Mr. Churchward had suggested. The results of such an investigation 
by a Committee of the Institution would be most welcome, and they 
might aptly form a basis for a companion volume, dealing with 
British locomotives, to the classical report of the Pennsylvania 
St. Louis tests of 1904. 

Reverting again to the losses shown in Fig. 2, it had been 
suggested t o  the authors that tests more nearly representing 
British conditions were to be found among those made by Dr. Goss 
with Youghiogheny coal. Mr. Fry had shown in Fig. 41 (page 416) 

 at UNIV NEBRASKA LIBRARIES on June 5, 2016pme.sagepub.comDownloaded from 

http://pme.sagepub.com/


APRIL 1913. LOCO. SUPERHEATING AND FEED-WATER HEAl'INQ. 447 

the difference which would be made in parts of their argument, 
had the authors worked on such a series of tests. 

Youghiogheny coal showed less loss in unburnt fuel than the 
coal they had chosen. Supposing for the moment that tests with 
that coal more nearly represented the conditions they wanted to 
portray, a curve of cinder loss by weight, for that  coal, would be 
found in Fig. 6 (page 350). It would there be found that between 
rates of firing of 80-90 lb. of coal per square foot of grate per hour, 
the loss was something like 100 lb. per hour, equivalent to over 
400 lb. on a run from London to Plymouth. Since the Great 
Western Railway locomotives were a t  least 40 per cent. larger than 
the Purdue engine on which the tests of Fig. 6 were made, and the 
trains proportionately heavier than the load taken by an engine of 
the size of that at Purdue, the 5 cwt. loss which Mr. Churchward 
had arrived at did not appear to be at all unreasonable. The 
authors could not admit, however, that Youghiogheny coal gave 
results more in accord with British conditions. That coal would, 
properly speaking, be regarded over here as a gas coal. It 
contained 30 per cent. of volatile matter. The coal used in the 
tests on which Figs. 1 and 2 were based, closely resembled, as 
regards volatile matter and other characteristics, good Welsh 
steam coal. It was true that it was rather friable, but it had also 
to be remembered that a goodly proportion of the Welsh steam 
coal, as usually fired, was extremely small-so small indeed that a 
large portion never reached the grate at  all. It passed straight 
from the shovel to the tubes-a fact which was not surprising 
when the current of air passing in  at the fire-hole door sometimes 
attained, according to Mr. Henry Fowler, a velocity of as much as 
65 miles per hour. Mr. D. E. Marsh had expressed very much 
the same thing of good Durham coal a t  the recent discussion on 
Mr, Bowen Cooke's Paper on the Mechanical Handling of Coal for 
British Locomotives." There was no doubt the loss was large, and 
larger under similar conditions than would have been indicated 
by tests with such a fuel as Youghiogheny coal. It was quite 

* Proceedings Inst. C.E., 1912, vol. cxci, page 178. 
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incorrect to imagine, as Mr. Churchward had suggested, that a 
display of “ fireworks ” was a necessary accompaniment of a large 
loss in unburnt coal. The glowing cinders ejected constituted an 
extremely small proportion of the whole; the vast majority were 
thrown out black, and it was probably for  that reason that the 
extent of the loss was not more widely appreciated. 

Mr. Churchward had referred to the question of weight, but 
had not treated the authors’ figures quite correctly. Tho ordinary 
smoke-tube superheater involved additional weight for an engine 
so fitted to the extent of about 30 cwt., yet that system was 
being commonly adopted. That weight was of course included 
in that given on page 381 for the additional weight of the type C 
arrangement. The weight given for the type B arrangement 
included a trimming slab a t  the trailing end of about 30 crvt. 
Mr. Lelean had mentioned other means of attaining the right trim, 
and obviously that weight was not always essential. It was 
advantageous in the case of the light Egyptian State Railways 
engines, as it gave additional adhesion. If the Great Western 
Railway could run an engine, on its road, like the “ Great Bear,” 
it had many other locomotives on which the additional weight 
involved would be immaterial, while the lighter engines if fitted 
would be stepped up in capacity. There was no doubt that very 
many existing engines in this country could be fitted with heaters 
without difficulty and with improved results, while if it became a 
question of new stock it was only a matter of designing an engine 
inclusive of the weight of the heaters for improvement to be 
shown over an equally heavy engine without. 

Mr. Cowan next dealt with a point raised by Mr. Hughes 
(page 412), who had compared the figure of 27 per cent. economy 
in Table 3 (page 367) with the 30.8 per cent. recorded in Table 5 
(page 372), and had asked whether in view of that slight difference 
the additional complication involved by the system giving the 
latter figure was warranted. The authors pointed out on pxge 366 
why they considered the figure of 27 per cent. recorded in Table 3, 
to err 011 the high side. Engine No. 711 had been kept in 
first-class order, and coal had been booked to it carefully as it 
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had been used for tests. That had not been the case with the 
majority of the sister non-heater engines. They were worked 
under more ordinary conditions for which the coal records in  such 
a country as Egypt could not pretend to extreme accuracy. That 
would tend to exaggerate the economy of the heater engine. 
About 20 to 22 per cent. was more the figure for the Type A 

FIG. 47.--Clzart of Performame, 4-6-0 type Engilze ; Cylinders 24" x 28"; 
Blast-pipe top 52; &am. 

installation. Again, it was not permissible to compare the figures of 
Table 3 with those of Table 5. The former were based on the records 
of the ordinary registers ; the latter were from carefully conducted 
tests. They covered, it was true, all coal consumption incidental 
to service working, but the coal in that case was weighed very 
carefully and used from sealed sacks as required, a system which 
gave much more accurate measurement than the coal stage records 

2 1  
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on which Table 3 was based. Finally, the type A arrangement to 
which Table 3 referred was illustrated in Figs. 20-23, Plate 7, and 
the type B of Table 5 ,  in Figs. 31-32, Plate 8. So far from the 
latter system being the more complicated it was the less so, and 
it had the advantage in every sense. The heaters in the type B 
system were the more efficient, provided more heating surface for 

FIG. 48.-Chart of Pevformance, 4-6-0 type Emgilze ; Cylimders 23" x 25" ; 
Blast-pipe top 5jx" &am. 

weight and had immense practical advantages. H e  was afraid 
that the variety of items dealt with in their Paper had perhaps led 
t o  Mr. Uughes' confusion in this respect. 

Several speakers had referred to the question of the blast nncl 
the use of part of the exhaust steam for other purposes. The 
authors had prepared three diagrams, Figs. 47-49 (pages 449-452), to  
bring out some points in this connection. They were made from 
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figures in Mr. MacFarland's Paper, referred to on page 378, and 
were, of course, for American engines. The actual figures were not, 
therefore, such as would be expected in British practice, but they 
showed some interesting facts. The first diagram, Pig. 47, wab for 
a 4-6-0 type engine on a fast stopping-schedule. The curves 
showed back-pressure h.p., draw-bar h.p., i.h.p., and mean 
effective pressure. The back-pressure h.p. curve was calculitted 
on pressures in the exhaust cavity of the valve. It would be 
seen that in that case at a speed of 43 miles per hour the back- 
pressure curve crossed the draw-bar h.p. curve. A t  the point of 
maximum i.h.p., at 32 miles per hour, about 700 h.p. appeared :tt 
the draw-bar, while 370 h.p. was lost in back-pressure. If the 
exhaust were free to the atmosphere, if that  were possible-he 
(Mr. Cowan) was not embarking on a discussion of the fan 
proposition raised by Mr. Smith-then, with a back-pressure of 
not more than 4 Ib. per square inch, the back-pressure h.p. would 
be brought down to the dotted line shown. Such conditions would 
mean a correspondingly large increase in the draw-bar h.p. and in 
the i.h.p. developed, as also shown by dotted line curves in Fig. 47. 
The maximum point of the i.h.p. curve would then be a t  52  miles 
per hour, and the draw-bar h.p. at that  point would be increased 
122 per cent. Fig. 48 showed curves for a similar engine, but with 
cylinders 1 inch smaller in diameter and a blast-pipe top + inch 
larger in diameter, the steam exhausted per square inch of blast- 
pipe top being therefore less. The back-pressure h.p. loss was a 

great deal less in this case, and the two curves of draw-bar 1i.p. 
and back-pressure h.p. did not meet until a speed of 58 miles per 
hour was reached. There would again be a large increase of power, 
as shown, if the back-pressure could be reduced t o  4 lb. 

The third diagram, Fig. 49, showed a set of curves for a Mildlet 
compound. The engine was not quite similar to tbat illustratecl 
i n  Mr. Fry's remarks, Fig. 42 (page 419), but one in which, in 
addition t o  the boiler proper, the boiler arrangement included :L 

reheater and superheater, with a feed-water heater section in  the 
front portion of the barrel. In this case the loss in back-pressure 
h.p. WLLS simply enormous, iLnd if it were possible n p i n  t o  reduce 

2 1 s  
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the back-pressure to 4 lb., the maximum point on the draw-bar h.p. 
curve would go up from 15 to 18 miles per hour, a very considerable 
increase in speed for the service those engines were in, with n very 
appreciable increase in power at the same time. The back-pressure 
hap. curve met the i.h.p. curve at 38 miles per hour. With i t  

FIG. 49.-U~art of Performaltee of a Mallet Compouwd E7tgiTte. 

back-pressure of only 4 lb., the power at the draw-bar, at that 
speed, would be more than doubled. 

Those curves emphasized the great benefit of large nozzles and 
low back-pressures, conditions which were, of course, known by 
British eiigineers to  be advantageous. The systems described in 
the Paper a11 made for improvement in that direction. Not only 
were the nozzles of the heater engines actually appreciably larger 
than for the standard non-heater engines (the actual sizes were 
given on pages 378-9), but in addition a portion of the exhaust 
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steam was abstracted from the blast-pipe for other purposes, and 
there was therefore a corresponding additional virtual enlargement 
as they had pointed out, and as had been elaborated upon by 
Mr. Wingfield. The matter had also to be looked a t  from another 
standpoint. The blast-pipe was not an efficient contrivance for 
doing work. Mr. MacFarland in his Paper had shown how great 
an amount of power might be lost in the form of back-pressure h.p. 
in creating the necessary vacuum in the smoke-box to draw the 
gases through the boiler tubes. I n  one case, for instance, he had 
calculated that 35 h.p. would suffice to do that, but the actual 
power lost was no less than 550 back-pressure h.p., showing an 
efficiency for the blast, as a contrivance for doing that work, of 
about 5 per cent. Not all that power was lost on account of 
having to overcome the resistance in the boiler tubes ; some of it 
went, in the cases cited, in overcoming that due to the diaphragm 
and spark arrester in the smoke-box. I n  some cases quoted by 
Mr. MacFarland the excess of power developed over work done was 
2,300 per cent. 

If part of the exhaust steam were withdrawn and used effectively 
for feed-heating, instead of being put to use at such low efficiencies 
as those, it would, by heat transference direct, yield its equivalent 
in work in a system which might be arranged to have an efficiency 
of 70 to 80per cent. Therefore the systems described in the Paper 
not only relieved the engine by making it freer, but substituted a 
very much better method of utilizing part of the exhaust steam. 
Mr. Smith appeared to be labouring under a misapprehension, with 
regard to the authors’ statement on page 368. Nobody wanted a 
higher smoke-box vacuum than would maintain steam, but in the 
non-heater Egyptian State Railways engines a 6-inch vacuum was 
necessary for this purpose, compared with one of 2 to 3 inches in 
the heater engines. The conclusion was obvious. If, by doing 
part of the boiler’s work by waste products in the heaters, it was 
possible t o  work with a low vacuum instead of a higher one, the 
engine would be relieved of back-pressure. The authors had 
clearly stated that the blast-pipe tops were actually increased, while 
the virtual iucrease achieved was still larger. The systems described 
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tlierefore undoubtedly provided better cylinder conditions than 
could possibly exist in the ordinary engine in which a higher 
smoke-box vacuum had to be maintained. As the heater engines 
dicl better work with the lower vacuum and larger blast-pipe top, 
than the non-heater engines with the higher vacuum, and standard 
top, it was definite proof that the systems described substituted, for 
the common blast, something which was more effective. 

I n  further reply to the discussion, the authors referred in the 
first place to their statement on page 403 with regard to boiler 
repairs. Though they believed the \use of the heaters to effect 3 

rcduction in boiler maintenance, they had no conclusive figures on 
that point to offer, and preferred to leave the matter there rather 
tlinn indulge in conjectures. With reference to the question of the 
non-heater engines having been over-rated, it might be pointed out 
that  the link workings covered trains of varying loading, while, in 
addition, wind often had such an  effect on train working in Egypt, 
where the lines were very exposed, as to result frequently in 
additional coal consumption of 30 to 50 per cent. I n  parts of India 
also the wind effect was equally great. The result was that while 
the non-heater engines were for part of the time overloaded, the 
heavier compounds, which could contend better with the bad 
conditions, were under-loaded for part of their time. The light 
heater engines, however, were able to handle the traffic economically 
under either conditions. 

The cost of the compounds was that for machines purchased to 
the builder’s design in Prance. They were thus cheaper than if 
they had been to the Egyptian State Railways’ design. They were 
typically French and of excellent workmanship. For the work done, 
the comparison made in  Table 11 (page 402) was fair for a very 
large section of European practice. The use of the pump did not 
involve, :is suggested by Mr. Bowen Cooke, any additional work 
to the enginemen. The pump simply replaced one injector. It 
could be arranged if necessary in places just as inaccessible from the 
cab as was often done with injectors, and could be worked with as 
little attention. Neither did the  heaters described add to the men’s 
duties. The addition of the  heaters in all cases greatly improved 
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the steaming capacity of the engines. The apparatus could not be 
compared with an ordinary spark-arrester, which was simply an 
obstruction. The heaters, though they might be somewhat open 
to a similar objection, gave back in another way much more than 
they detracted from the capacity of the boiler, so that there was a 
considerable net gain. 

I n  connexion with Mr. Wingfield’s remarks (page 42%), the 
authors would suggest that the possible failure of the cones shown 
in Fig. 44(page484)might have been due to the flare being too 
great, with resultant disturbance of the edges of the air stream. 
Petticoat pipes were often adopted with the object of locating a 
converging point for the flue gases. If the taper and position were 
correct, exhaustive experiments went to show that they were 
advantageous in locomotive smoke-boxes. The calorific value of 
the coal used in the tests of Pig. 1 was between 14,700 and 18,000 
B.Th.U. per 1 Ib. of dry coal, and the grate area of the engine to 
which they referred 33-76 square feet. I n  the case of Fig. 6 (p2ge 
350), the coal had a value between 14,000 and 14,400 B.Th.U., and 
the engine a grate area of 17 square feet. The curves in Figs. 1-7 
were given as typical. With the chsses of coal varying to such an 
extent, it was impossible to give one set of curves applicable t o  all 
conditions. It should also be noted that the curve, Fig. 6, was for 
trials in which the heat balances were not conclusively worked out, 
a certain percentage being left unaccounted for. The tubes were 
simply drifted into the tube-plates. If the taper were made 
extremely slight and the tube-plate fairly thick, that simple method 
answered the purpose unless the heaters were badly treated and 
suddenly flooded while hot with cold water. With regard t o  the 
increase of superheat with increased speed of flow, the authors 
regretted that they could not give any information on the point 
raised by Mr. Wingfield. They would refer, however, as interesting 
in that connexion, to some Russian teats published in Engineering 
(vol. 94, p. 134). Curves were there given for flue-gas temperatures 
under various conditions of %ow, in a superheater boiler. Assuming, 
as was always the case within limits, that the superheat rose with 
the increased flow of the flue gases and the increased flow of steam 
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through the superheater elements, it would be seen that relatively 
more heat was absorbed a t  the higher rates, by the superheater- 
tubes than by the water-tubes, but less a t  the low rates. Though 
that did not show the absolute decrease in temperature sought 
by Mr. Wingfield, the relative change in the temperatures was 
interesting and seemed to confirm Mr. Wingfield's deduction. 

The working figures for long periods asked for by Mr. Marsh 
were given in Tables, 3, 8, etc. The sizes of cylinders and blast- 
pipes asked for by Mr. Stanier were all given in the Paper 
(see pages 378, 379,391, etc.). The costs asked for by Mr. Smith 
were given in Appendix I1 (page 401). The authors had nothing 
to add to what was already stated in the Paper (page 386, etc.), on 
the matter of lubrication, nor to the comparison between the pump 
nnd injector made on pages 353-6. 

The aut,hors had not suggested anywhere in the Paper that a 
consideration of the efficiency of the steam generator settled the 
whole question of locomotive efficiency. Since, however, they were 
discussing conditions into which that factor entered, they were 
perfectly justified in'giving it a place. The error had been made 
by the speakers in the discussion, who had narrowed down the 
argument to issues short of those to which the authors intended 
their statements to apply. I n  the Paper the question of the engine 
(in the form of a discussion on the steam consumption with various 
degrees of superheat) followed immediately on that of the efficiency 
of the generator, and in the subsequent argument the two were 
combined as far as data permitted. The authors' case had therefore 
been properly completed, instead of being left in the meaningless 
condition which might be imagined from the remarks of Mr. Gresley. 
The argument as to the relative advantage of high and low superheat, 
based on the specific volume of steam a t  the corresponding 
temperatures, propounded by Mr. Gresley, was one very commonly 
advanced, but it was imperfect. It was pure theory, and WAS only 
applicable to a perfect non-conducting cylinder. It ignored practical 
facts. I n  common with much more superheating material it had 
been supplied from Germany, and accepted in this country without 
reflection. 'The improvement in consumption with superheat was 
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rather due, for the practical range of temperatures, to the more or 
less thorough suppression of cylinder condensation, and perhaps also 
of leakage, so that less feed had to be dealt with. The economy 
depended more upon the specific volume of the cylinder mixture a t  
cut-off, than upon that of the steam as generated-the two were 
very different. 

Mr. Smith said that there was something to be saved from the 
waste gases by means of a superheater, and that most of the 
British railways were now trying superheaters. That appeared to 
the authors to be a confusion of thought, since the superheaters in 
use in this country were not, with very few exceptions, waste-gas 
superheaters, but were one or another of the patterns of directly- 
fired superheaters. When such superheaters were employed, the 
only way of saving the heat in the waste gases was in feed-heating. 
Mr. Lelean had stated that the consensus of opinion inclined to the 
smoke-tube type of superheater. Very few railways had as a 
matter of fact, tried any other. None had tried the types described 
in the Paper, and they were not therefore really in a position to 
give any definite judgment on the point. It was absurd to condemn 
all types of smoke-box superheaters together without discriminating 
between them and the conditions they might fulfil. I n  Appendix 
11 (page 401), the authors had pointed out conditions under which 
the smoke-box superheater might be expected to prove of value. 

The Paper (page 354) stated that the exhaust injector showed a 
6‘ thermal ” saving of 9 per cent. No coal economy had been given 
in this connexion by the authors. The figure they had given was 
the saving in B.Th.U. to be supplied in the boiler. The coal 
economy was naturally dependent upon the extent to which that 
injector was used during the hours under steam. For the actual 
time the exhaust injector was a t  work the authors thought it 
might show about the economy stated. 

If there were no greater difference shown in service than 
Mr. Hill stated between piston- and slide-valve engines, that 
difference was sufficient to prevent the authors from pursuing their 
method of analysis so far RS to make it cover both types indifferently. 
Had they done so, it would have been open to some other critic to 

 at UNIV NEBRASKA LIBRARIES on June 5, 2016pme.sagepub.comDownloaded from 

http://pme.sagepub.com/


458 LOCO. SUPERHEATING AND FEED-WATER HEATING. APRIL 1313. 
(Mr. P. J. C'owan.) 

point out, that the curves were applied to conditions they did not 
fit. Mr. Hill's figures were interesting in view of others previously 
recorded. M. E. Sauvage in his Paper before the Institution in 
1904, stated that in his experience piston-valve engines showed 
10 per cent, coal economy compared with slide-valve engines. The 
late Mr. S. W. Johnson at the Engineering Conference of 1897 
showed t h a t  piston-valves only required one-sixth of the power to 
work them that slide-valves did. If the subject were looked at 
from the leakage point of view, Messrs. Callendar and Nicolson and 
Sankey had shown piston-valve leakage to be less than that of 
slide-valves, while the two first, and Mr. H. Denzil Lobley, had 
shown that it was less with superheated steam than with saturated, 
a t  least up to a certain point. If then the leakage theory were 
accepted, the loss from this cause would be expected to be much 
less for an engine using superheat with piston-valves, than in one 
using saturated steam and slide-valves. The position of the 
piston-valve engine should be the better of the two from whichever 
way the matter was regarded. 

The addition of feed-heating to a superheater engine lowered 
the degree of superheat to some extent because less fuel was burnt 
and a softer draught was used. The combustion temperatures were 
lower, the volume of gas to give up heat to the superheater elements 
was less, and the speed of the gas also less, the transmission therefore 
being reduced to some extent. Owing, however, to part of the 
work being done in the feed-heater, the capacity or economy of the 
engine was greatly enhanced. The actual economy, as Mr. Marsh 
had pointed out, was not the sum of the two systems taken 
separately; it was more nearly the product, but owing to the 
interaction, it fell somewhat below that figure. I n  the condensing 
system advocated by Mr. Marsh it was not possible to take feed- 
heating beyond about 210" F., even if that figure could be reached. 
The authors had shown that with other systems it could be 
mrried a good deal further. The direct condensing system also 
necessitated the heaters being on the suction side of the pump. 
It was quite possible to obtain pumps suitable for locomotive work 
and capable of dealing with water a t  the temperatures thus attained, 
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but the authors preferred heaters on the delivery side of the pump. 
Higher feed temperatures were then possible. Small heaters could 
be employed, and as the pump then only had to deal with cold water, 
upkeep expenses were less, and a type could be successfully used, 
involving less first cost. 

Mr. Weir had given some interesting figures with regard to 
economy shown by feed-water heating in tests. The authors 
believed that points lying much [above the curve No. 1 in Pig. 11 
erred somewhat on the high side. It was quite true that in feed- 
water heating in locomotive work, the earlier degrees showed 
somewhat greater economy than the higher. That was because the 
boiler output, which was decreased, fell along a curve, d, Fig. 2 
(page 347). That point was taken into account in Fig. 11 in which 
the line No. 1 was not a straight line, while the line No. 2 was. 
The curvature of line No. 1 was very small, and not so great as 
Mr. Weir seemed to imagine. 

All who had had experience in such matters would realize that 
the life of tubes was largely a matter of adjustment to circumstances. 
That might have been inferred by others less conversant with the 
subject, from the authors’ remarks in Appendix I1 (page 403). 
They there stated that a certain weight tube gave a certain 
mileage, but that the life might be increased by increasing the 
thickness or by using tubes of another type or metal. It was well 
known that condenser tube renewals varied in different localities 
to an extraordinary degree, yet condensers were not condemned 
because in one district the life of one particular gauge of one kind 
of tube had only run to a certain figure. The authors appealed to 
members to base their criticism on broader engineering grounds 
and to consider also the statements actually made in the Paper, 
many of which several speakers appeared to have completely 
overlooked. 

The same might be said in reply to the criticism as to the 
overcrowding of the smoke-box. That matter was referred to by 
several speakers, but only in general terms, though the Paper 
described no less than four distinct types of installations, between 
which speakers had not discriminated. The authors found it 
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difficult to  reply to such indefinite charges for several reasons, I n  
the first place, taking the type B for example, that design could 
not be said to be open to that objection. The heater was suspended 
out of the way, and did not interfere with any boiler work. It 
presented much less obstruction to such work than did the damper 
box and gear, header and superheater elements of a smoke-tube 
superheater boiler. Though some objection was still raised to the 
latter, it did not prevent the increasing adoption of the smoke-tube 
superheater, The type B arrangement did not present a fraction 
of the obstruction or overcrowding in the smoke-box brought about 
by heaters commonly embodied in engines built by a firm represented 
by one of the speakers on this point. Again, with regard to the 
type C arrangement, half the smoke-box apparatus in that case 
pertained i o  the smoke-tube superheater which the authors had just 
shown was now commonly accepted. The other half served its 
purpose so well that smoke-box conditions were changed sufficiently 
to allow of its use. The accumulation of ash in the smoke-box 
was extremely small ; the tubes could run  for much longer periods 
without rodding or blowing through, and very little work had ever 
to be done in the smoke-box. To many minds the smoke-box had 
become a sort of fetish. With changed conditions, changes of 
practice were sometimes allowable. However, to forestall criticism 
on that very point with regard to type C, the type D arrangement 
had been devised and had been found practicable, as stated in the 
Pxper, having been fitted to Engine No. 712, yet not one of their 
critics had given the least indication of being aware of the existence 
of that development. 

At  the close of the authors’ reply to the correspondence would 
be found n note giving other details of a design of heater fixed to 
tlie smoke box front, and swinging clear when the smoke-box was 
opened. [See page 480.1 
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Commtmicat ions. 

Mr. E. L. AHRONS wrote that the hardness of the feed-water 
was not stated in  the Paper, and in view of the method adopted 
for cleaning the heaters, namely, by means of the combined boiler 
clack and blow-through valve, this waa a matter of considerable 
importance. It was some years since he resided in Egypt, but as 
far as he remembered, the average water derived from the Nile was 
not a hard water. I n  the case of hard feed-waters, such as were 
met with in many parts of this country, it would probably be 
necessary to arrange the feed-heaters so that the tubes and 
tube-plates could be easily removed bodily for cleaning purposes. 

Referring to the smoke-box drum-heaters, which were also 
used as moderate steam superheaters, the superheat attained reached 
90" F. He gathered from the Paper that in several of these 
engines ordinary sight-feed lubricators were used in conjunction 
with ordinary slide-valves. It would be interesting to learn 
whether, during the course of the experiments, on engines not 
fitted with mechanical lubricators, temperatures below and up to 
90" F. superheat were reached at which the slide-valves began to 
give trouble. H e  had found in  the case of stationary engines that 
slide-valves have occasionally given trouble with very low degrees 
of superheat, owing to the mere dryness of the steam. 

I n  type C, Figs. 34 and 35 (page 398), the blast-pipe was-shown 
with a somewhat sharp right-angled elbow-bend. Were any 
observations made aa to the actual increase of back-pressure due to 
this arrangement 8 

Mr, LAWFORD H. FRY wrote that he had been particularly 
interested in Mr. C. H. Wingfield's method of plotting the loss by 
unburnt coal in logarithmic relation to the rate of firing (see Fig. 45, 
page 425), but he believed that the break in theiline was due to 
the points in this figure having been plotted from a fair curve, and 
that it would not be borne out by the results from the actual tests, 
To investigate this question, he had plotted the losses by unburnt 
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fuel for a number of tests in Fig. 50. The plotting was done 
logarithmically, the ordinates being the logarithms of the heating 
value lost by the escape of unburnt combustible, as determined by 
calculation, while the abscissz were the logarithms of the rate of 
firing. Seven series of tests were represented. Series 100, 500, 
600 and 800 were made on the Pennsylvania Railroad testing plant, 
and were analysed in the writer's Paper." Series 900 was also 
from the Pennsylvania Railroad testing plant, and was made with 
practically the same coal as the four series already referred to. 
The remaining two series of teats were made by Professor Gobs, 
and described in " Superheated Steam in Locomotive Service," and 
were made, one with Pocahontas coal having, like that of the 
Pennaylvania tests, about 15 per cent. of volatile matter, while the 
other was made with Youghiogheny ooal having about 35 per cent. 
of volatile matter. 

I n  series 100 and in the upper tests of series 900 the 
experimental data were rather irregular, but with these exceptions 
the points of each series fell remarkably close to a straight line. 
There was no indication of a break in the centre of the line. 

It was very remarkable that in the seven series of tests, all 
that he had yet had an opportunity of examining, the lines were 
parallel. This indicated that in all these tests the loss by unburnt 
combustible was proportional to the same power (the 1 ~ 9 t h  power) 
of the rate of firing. Writing the relation in the form of an 
equation 

Qab = k G"' 

where Q, is the number of B.Th.U. lost per square foot of grate area 
per hour by the escape of unburnt combustible ; G is the number of 
pounds of dry coal fired per square foot of grate area per hour ; 
and 76 is a constant depending to a small extent on the boiler 
design, but mainly on the quality of the coal. 

The Yalues of 7c for the various tests shown in Fig. 50 are :- 
Series 100 . . . . . . . k = 7 5  

,) 200 . . 1 . . . . 81 

* Procoedings, I.Dlech.E., 1903, Part  2, page 269. 
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Series 600 . . . . . . .  k = 79 
,, 800 . . . . . . .  81 
), 900 . . . . . . .  81 

Goss Pocahontas Coal . . . .  63 
,, Youghiogheny Coal . . . .  35 

This proportionality of the loss by unburnt fuel to the 1.9th 
power of the rate of firing appeared to be a general one, and if this 
were the case the relation would, he thought, be very useful in  
studying the operation of locomotive boilers. 

Mr. JAMES MANSON wrote that, with regard to high-degree 
feed-water heating, it was shown from the calculations based on 
Fig. 10 (pxge 360), that  the economy to be derived from heating the 
feed-water from 65" to 270" F., as compared with injector-feed, 
was equivalent to reducing the rate of firing from 80 lb. per square 
foot of grate area per hour to 60.8 lb., o r  24 per cent. And 
further, that practical tests showed a saving of 33 per cent. for the 
heater engine. As the saving in fuel due to the temperature of 
270" F. was 18 per cent., an additional 5 per cent. had been 
secured by easier working of the engine and lighter blast action on 
the fire. 

With regard to moderate feed-heating combined with moderate 
superheating, by a similar calculation the economy from this system 
reduced the consumption per square foot of grate from 80.0 to 
58.1 lb. per hour, or 37.4 per cent. Practical tests have shown a 
saving of 30.8 per cent. above the ordinary engine, by the adoption 
of feed-water heating to 210" F., and superheating to 85" F. 

I n  the system of high-degree feed-heating combined with 
superheating of 200" F., the authors calculated a reduction of 
consumption per square foot of fire-grate from 80.0 to 49.1 Ib. 
per hour, or 3d.64 per cent. For reasons giren, No. 712 could not 
be tested at its best loads against simple engines, but by making 
use of figures €or simple engines obtained in tests against moderate 
feed-heating and moderate superheating, they calculated that 
No. 712 would show an economy of 45 per cent., which might be 
subdivided into 24 per cent. for feed-heating, and 21 per cent. for 
superheating economy. 
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In the autumn of 1911 the writer made some tests with 
superheaters and feed-water heaters against simple engines. The 
engines were all of the 4-6-0 class with outside cylinders. The 
simple engine, No. 123, having cylinders 20 inches by 26 inches with 
‘6 baalanced ” slide-valves or relief pistons. The superheater engines, 
Nos. 128,129, had cylinders 21 inches by 26 inches and piston-valves. 
No. 139 was also fitted with a “Weir”  pump and heater or 
condenser; the boiler pressure of the simple engine was 180 Ib., 
that of the superheater engines 160 Ib. The tests were carried out 
on the Glasgow and South Western ]Railway main line expresses, 
and every effort was made to ensure accuracy. 

The engines were all worked in turn by the same driver and 
fireman. The coal was of equal quality from one pit and weighed 
on and off each run, the coal-boxes being passed over a special 
weighing machine on the level of the coaling-stage platform, each 
box containing about 12 cwt. 

I n  order to measure the water consumption and to get exact 
readings a t  any part of the journey, the following arrangement was 
adopted. The tank having been filled, one of the injector supply- 
pipes was coupled to one of “ Kennedy’s ” water-meters placed in  
one of the shed engine-pits; the water was run off through this 
meter and the gallons indicated thereon were marked on a dial 
connected with a spring suspended float-tube, immersed in a tube 
coupled to the bottom of the tank. The average weight of the 
engine and tender was 108 tons, the tare weight of the coaches 
242 tons ; and, on a moderate estimate of passengers and luggage, 
the load behind the tender was 282 tons, at  an average speed of 50 
miles per hour. Each engine under the various tests made three 
double trips of 231 train-miles, or 693 miles ; and with a gross load of 
390 tons, the average per trip of 231 miles was as shown on page 466. 

I n  the experiments just described the “ Weir ” feed-heater or 
condenser had only 32 square feet of surface, and as it was found 
on a preliminary trial that no sensible amount of the exhaust steam 
was passing to the condenser, the question came as to what 
percentage of the steam could be dealt with by the feed-water. A 
little consideration showed that, a t  a temperature of about 175” F., 

3 K  
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-' 

54.46 

44.76 

44.28 

40.24 

Engine. 

Gallons 
9,200 

7,350 

7,100 

7,200 

No. 123 simple . . 
,, 128superheater . 
9 ,  129 , I  

,, 129 ,! and' 
feed-heater in use , 

Coal. 

T. C. Q. 
5 1 2  0 

4 1 2  0 

4 1 1  0 

4 3 0  

1t:ir 1 Water. 
rain-mile. 

Superheater. 

Temperatures 
- 

620-650 

600-640 

600-640 

Economy of superheater engines over simple 

Economy of superheater engine, No. 129, fitted 

coal 18& per cent., water 

Coal 26 per cent., water 
engine . . . . . . . j 214per cent. 

with pump and heater, over simple engine 1 22 per cent. 
Economy derived from pump and feed-heater Coal sg per cent., water 

as compared with same engine using 
superheated steam and injector feed . 

Average readings of feed-water temperature 175O F. 

the ratio of water to steam would be eight times, and the blast-pipe 
orifice was reduced 125 per cent., but in order to get the full 
temperatiire of 175" the area was further reduced to about 20 per 
cent. below that of the originaI orifice of 5& inches diameter with 
which the engines had all worked in the other tests-of simple 
engine and superheaters. From the working of the engine with 
the feed-heater in use, he did not consider that the reduction of the 
blast-pipe area had any bad effect, as the apparent loss of area was 
compensated by the eduction pipes and condenser. I n  practice, 
except for an instant in  starting away from the terminals, there 
was no indication of pressure in the heater. Generally, the slide- 
valves of the simple engine were on the top of the cylinders. The 
link motion operated through a rocking arm or shaft, and this 
same gem was used for operating the piston-valves of the 
superheater engines. 

The resilts obtained by the writer under the conditions 
described might be readily compared with those given by the authors 
of1 the Paper, with whom he agreed in thinking that economies 
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derived from feed-heating and superheating brought about additional 
advantages by reducing the unburnt fuel losses. 

Mr. JAHES METCALFE wrote that the type of exhaust-steam 
feed-water heater with which he had had the most experience was 
that of the injector, in  which the exhaust steam was directly 
condensed by the feed-water and served both to heat the feed-water 
and to force it into the boiler. This possessed several advantages 
over the tubular heater system, especially for locomotive work. 
The exhaust-steam injector mentioned in the Paper (page 354) was 
now obsolete, and in the latest type the efficiency of the instrument 
had been inareased and a much higher duty was obtained from the 
exhaust steam, so that the quantity of live steam used was only 
about one quarter of that used in the earlier type of injector, 
With this injector using exhaust-steam alone, the delivery 
pressures obtained were :- 

Exhaust-Steam Pressure. Injector Delivery Pressure, 

1 120 
5 150 
10 190 
15 220 

Lb. sq. inch. Lb. sq. inch, 

The temperature of the delivered water was 210" F., which was 
equal to the type "B" heater. It would be seen that, with a 
moderately high exhaust-steam pressure, this injector was capable 
of feeding the boiler without the addition of any live steam, and it 
was regularly found in practice on locomotives drawing heavy trains 
that no live steam was necessary, the water being forced into the 
boiler simply by the use of exhaust steam. 

A further feature was the reduction of back-pressure in the 
cylinders obtained by *he use of this injector, which acted as a 
small condenser a t  a vacuum of 26 inches, into which the exhaust- 
steam was drawn, SO that back-pressure was considerably reduced. 
When the exhaust-steam pressure was low, a supplementary live- 
steam jet was used to give the increased pressure necessary to feed 
the boiler, and in this case a delivery temperature of 235" to 240" F. 

2 x 2  
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was obtained. I n  any case there was no loss whatever with this 
type, the whole of the live steam being condensed by the feed-water 
and being returned directly into the boiler, so that the efficiency of 
the apparatus would be greater than that of the combined pump 
and heaters. This system also possessed the advantages of fewer 
parts, the complete apparatus consisting of the exhaust-steam 
injector and the grease separator, the total weight of which was 
2 cwt. as compared with 3.75  tons of the type “ B ”  heater system. 
The initial cost also would only be about one-third of the initial 
cost of the heater, while the cost of upkeep was considerably less 
than any other system of boiler feeding. 

The question of cleaning was, in his opinion, of great importance 
with the tubular heaters, and seeing that ordinary injector delivery- 
pipes of 19-inch bore were frequently choked up with sediment, 
he did not see how it was possible to keep the interior of these 
heaters clean and free from incrustation, owing to the space between 
such a number of small tubes being so restricted. In  addition, 
there was the cost of the upkeep of the pump. The writer would 
be glad to know if any trouble had been experienced with the 
locomotive check-valves ; very frequently when pumps were adopted, 
severe wear of the seatings and frequent renewals had been found 
necessary in the check-valves owing to the intermittent action. I n  
spite of the number of heaters now available, the injector type was 
the only system which had been regularly adopted by the different 
railway companies, and its continued use during the past fifteen 
years proved its superiority over all other systems. 

Mr. HUGH REID (North British Locomotive Co.) wrote that he 
thought Mr. Trevithick merited the thanks of all locomotive 
engineers?for the thorough and painstaking manner in which he 
had, over a lengthened period, tested the various methods of feed- 
water heating, and also for the generous manner in which he had 
from time to time published the practical results of these 
investigations. Five years ago, in the Pranco-British Exhibition, 
he exhibited a beautiful model of a locomotive (8th full size) fitted 
with his apparatus, and concurrently therewith a pamphlet was 
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issued giving full particulars of the method of fitting and the 
results of a series of tests of his feed-water heating and spark- 
arrester. The authors had now placed before the Institution a 
comprehensive Paper in which the theoretical conditions of the 
problem, as well as the practical results attained, had been clearly 
put forth. Mr. Trevithick's experiments included a series with 
" superheating," and the discussion had consequently been somewhat 
diverted from the main subject of the Paper. It was desirable 
that consideration of the two phases of economical working- 
" Superheating " and " Feed-Water Heating "--should each be 
dealt with on its own merits, employing, as they did, totally distinct 
apparatus for their respective purposes, namely, the heating of 
water and the superheating of steam. Messrs. Schmidt, Churchward, 
and Robinson were undoubtedly to be congratulated on the economic 
success which had attended their efforts in the production and 
simplication of superheating apparatus. This success was claimed 
in two directions : (1) saving in steam consumption ; and (2) saving 
in boiler repair. 

Feed-water heating might, as regards saviug in steam 
consumption, have to be content with only 10 per cent., but the 
saving in boiler repair, on which Mr. Trevithick could not be 
expected to give such particulars as would be generally applicable, 
must be much more appreciable than in the case of superheating. 
The lowering of the boiler pressure some 20 or 30 lb. per square 
inch formed the principal reason in the latter case. The raising of 
the temperature of the feed-water 120°, and the prevention of a 
considerable quantity of deleterious matter from entering the boiler, 
were much more important as affecting the life of the boiler ; and 
this aspect had not perhaps been sufficiently emphasized. The 
apparatus itself, in respect of its weight, its method of application, 
cost and maintenance, alone remained for consideration. For 
engines already in service and which were up to the maximum 
limit of weight, there was clearly a difficulty, but for engines which 
were being designed up to that limit the economies would probably 
allow of a lighter boiler, and for the great majority of engines both 
" in service " and prospective, the weight limit did not apply. 
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The authors had fully recorded the present stage of progress in 
feed-water heating as applied to the locomotive boiler, and perhaps 
little more progress could be expected in this direction after the 
exhaustive manner in which Mr. Trevithick had dealt with the 
problem, both theoretically and practically. Incidentally, however, 
it had t o  be remembered that finality in boiler design might not 
yet have been attainecl. The " reservoir capacity " of the locomotive 
boiler was an important factor of weight, which might be overcome 
if the steam were superheated more directly, say in a " flash boiler " 
somewhat of the " Serpollet " type, if this could be conveniently 
installed in the locomotive. 

Mi.. WILLIAM ROWLAND (G.C.R.) wrote that he thought the 
curves shown on Figs. 1 and 2 (pages 346-7) were unreliable, and 
therefore deductions based on them were likely to be inaccurate. 
These curves practically assumed that boiler efficiency depended 
entirely on the amount of coal burnt per square foot of grate, 
and that the amount burnt per square foot of heating surface 
was a matter of indifference; in fact, they went further and 
declared that the heating surface became more efficient with 
increased rates of combustion per unit area, as would be seen 
by deducting only the CO waste-gas and radiation losses in 
Fig. 1, the resulting curve showing an increasing eficiency. 

Unfortunately the power of a boiler depended on a great deal 
more than mere grate area, which, without corresponding heating 
surface, constituted a very wasteful method of obtaining additional 
power. Certainly, in this country the losses due to unburnt fuel 
were not, as a general rule anything like those shown by the 
curves, and those due to waste gases were far higher. The writer 
did not know how the waste-gas losses had been estimated, but it 
was, he believed, admitted by the reporters of the St. Louis tests 
that the method of estimating the smoke-box cinders and spnrks 
was by no means accurate. It was of no use attempting to gauge 
the waste-gas losses by the smoke-box temperature, even if a 
pyrometer were placed in the fire at the same time, unless a 
continuous CO, CO,, and oxygen analysis were made of the 
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smoke-box gases to determine how much excess air was present. 
The common practice of admitting large quantities of air above the 
fire, with the object of preventing smoke, invariably resulted in a 
low smoke-box temperature, leading to the mistaken inference 
that the waste-gas losses were correspondingly low. Certainly, 
there was some increase, as a rule, in the unburnt fuel loss with 
increasing rates of firing per square foot of grate ; but this increase 
was dependent on so many factors, such as fire-box and smoke-box 
capacity, nature of blast, whether violently pulsating or otherwise, 
size and position of the brick arch, and particularly on the physical 
qualities of the fuel, that it was a matter of practical impossibility 
to construct a rule or curve of such general applicability as to be of 
any value. 

He fully agreed with the authors in their statement, that 
increasing the rate of firing of a given boiler resulted in a 
diminution of its efficiency, though he thought this was quite as 
much due to the waste-gas losses as to those due to unburnt fuel ; 
in fact, he was strongly of the opinion that by far the greater part of 
the losses, under British conditions at any rate, were waste-gas 
losses. He, therefore, preferred to regard the undoubted gain 
from feed-heating as amounting to giving the boiler extra heating 
surface instead of extra grate area. It was quite obvious that 
feed-water heating was the only possible way of using any part of 
the low temperature waste-heat of the exhaust, and the authors 
were perfectly correct in saying that this heat could be abstracted 
without causing any ill effects on the blast or any increase in 
back pressure. The only trouble likely to  arise was in the case of 
the exhaust-steam heater being out of use, in which case the blast- 
pipe might possibly be a little too small, but there would be very 
little in it. Engines with exhaust-injectors steamed practically as 
well with either the exhaust or the live steam-injector, and 
doubtless the same would apply to those with any other equally 
effective form of exhaust-heater. The main objection to the 
tubular exhaust-heater seemed to be the weight and cost of the 
apparatus and the necessary pump and the extremely short life of 
the tubes, for which reasons some form of direct heater, such as an 
exhaust-injector, would appear preferable. 
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With regard to the smoke-box feed-water heater, there seenied 
to be no object in using this at all. Any heat that could be 
collected out of the waste gases was far better employed in 
superheating the steam than in  heating the water ; not only was 
the gain in over-all efficiency rather more, but the cost of 
maintenance was certainly less. 90" of feed-heating reduced the 
demand on the boiler heating surface by about 7& per cent. and 
thereby raised the boiler ehiency, so that the coal consumed was 
reduced by considerably more, the water saving being constant at  
all rates of evaporation per square foot, but the coal saving 
increasing with the rate of evaporation. 90" of superheat, 
whether sensible to the thermometer or latent in the shape of 
dried moisture, represented an economy which could be measured 
by the absolute temperature of the steam before and after 
superheating, and this was about 10 per cent. compared with 
73 per cent. saved by heating the water, and represented a 
correspondingly greater coal saving. The steam-consumption 
curve, Fig. 9 (page 358), almost exactly squared with the curve 
of absolute temperatures, and any apparent discrepancies that the 
writer had been able t o  find in practice had been in the direction 
of higher efficiences at lower superheats, in which cases of coiirse 
priming seemed to have been the disturbing factor. 

Feed-water heating certainly resulted in a reduction of 
superheat in the usual smoke-tube arrangement, because it 
reduced the demand on the boiler heating-surface whilst 
maintaining the same amount of steam to be heated. Reducing 
the demand on the heating surface enabled the fire-box t o  supply 
a larger proportion of the whole, leaving the gases cooler when 
entering the tubes, in consquence of which both they and the 
superheater transmitted less heat, and the superheat was reduced. 
For this reason, engines with a relatively large amount of fire-box 
heating surface to tube surface required more superheating surface 
than those with a smaller fire-box and more tubes. 

The writer could not altogether agree with the authors in their 
advocacy of any form of smoke-box heater whatever. Such a 
device was not desirable in a smoke-box under any circumstances, 
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and the proper way to take the heat out of the gases was to 
provide sufficient boiler-tube and superheating surface in the 
boiler itself to reduce the smoke-box gases to a reasonable 
temperature. The success of a smoke-box heater of practicable 
size when dealing with either steam or hot water was prim& facie 
evidence of the boiler being too small for its work. Superheater 
boilers had been designed in which everything had been sacrificed 
to the obtaining of high superheat and low steam consumption, 
without any regard to the effect in fuel consumption of the 
reduction in evaporating surface. In such cases, the addition of 
a smoke-box feed-heater would undoubtedly be beneficial. 

Mr. J. D. TWINBERROW wrote that the standard eight-wheeled 
engine of the Egyptian State Railways appeared to possess certain 
features which rendered its performance particularly susceptible to 
improvement by the adoption of a system of waste-heat recovery. 
The fire-box was probably intended originally for a low rate of 
combustion corresponding to the development of 650 i.h.p. as a 
maximum ; from the particulars given on page 391, it appeared that 
the boiler had 53.6 square feet of direct heating-surface per square 
foot of grate and 25 square feet per ton weight of engine. These 
proportions involved high smoke-box temperatures when the rate of 
combustion was forced. The addition of a smoke-box heater having 
a surface of 348 square feet brought the ratio up to sixty-three times 
the grate area, the effectiveness of the surface being increased by 
the better temperature gradient due to series heating. I n  many 
recent designs the relative size of the grate was much less ; in some 
cases its area did not exceed one-hundredth part of that of the 
heating-surface. The barrels of such boilers might be reduced in 
length by one quarter without entailing appreciable loss of capacity, 
or alternatively the adoption of two-stage heating would increase 
the capacity per unit of weight. The forward part of the tubes 
was not highly effective in transmitting heat to water a t  the same 
temperature as the steam ; in such cases the formation of a feed- 
heating chamber by inserting a division plate a t  some distance back 
from the smoke-box tube-plate might be the most deairable method 
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of applying a waste gas-heater, even though the surface thus 
afforded would measure about 16 square feet to the cwt. as 
compared with 36 square feet given by the authors' small 
cylindrical heater. The results recorded in the Paper suggested 
that when the grate was made sufficiently large to enable the 
efficiency of combustion to be increased by a radical reduction in 
the intensity of the draught, the economy in working would far 
outweigh the greater stand-by losses. 

The statement was made (page 354) that, when the feed had been 
raised to 380" F. by an exhaust-injector, additional feed-heating was 
impracticable even with waste gases ; this was not quite in harmony 
with the claim on page 357, to the effect that the waste-gas heating 
system was capable of communicating 90" of superheat to the steam, 
the initial temperature of which was presumably nearly 380" F. 

The difficulty of comparing the results obtained under actual 
working conditions, upon different railway systems, would be 
reduced if locomotive engineers could agree upon some standard 
method for converting the actual ton-mile into a virtual figure, 
which wcluld represent its equivalent upon a level straight road a t  a 
standard speed. The resistance per ton varied with the gradient, 
curvature, and speed. On many railways the physical characteristics 
of theroute were taken into account, for the purpose of compiling 
mileage rates, by means of a formula which converted the actual 
length of the route into its equivalent length of straight and level 
road. A formula wbich was extensively used appeared a5 follows, 

where L, is the equivalent length in miles ; 

d ,, ,, difference of level in feet ; 

p 

L,. ,, ,, actual ,7 7 7  ,? 

,, ,, rise in feet per mile equivalent to the resistance 
due to curvature ; 

and E ,, ,, Iength of each curve in miles. 

the following Table : - 
The relation between p and the radius of curvature was given in 
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Radius of curve in chains . . . I 10 1 20 1 30 1 40 1 50 1 
Equivalentgradeinfeetpermile . . 21.8 10.5 6 . 3  3.9 2.6 

By the use of the virtual mileage, and by the employment of a 
factor to reduce the resistance a t  the observed speed to that of its 
value at an agreed standard speed, it would be possible to effect a 
direct comparison between the performances of locomotives working 
over different routes at different speeds and with different loads. 
As a comparison could be drawn between the actual records made 
by a large number of engines during periods of considerable length, 

FIG. Bl.-Express Locomotive conforming to English Loading Gauges 
$tted with Steam Superheater and Feed-water Heaters. 

FIREBOX 15OSQ.FT. 1 TUBES 1500 SQ.FT. J 
SUPERHEATING TUBES 51OSQ.FT. 

the result would be of more value than that of a brief competitive 
trial of single units. 

Feed-heating by means of live steam as applied by Carroll, 
Mele, Brunelli, Lavialle d'Anglards, Churchward, and others, 
appeared to  have been highly beneficial to the durability of the 
boilers. Apart from the employment of exhaust-injectors, heating 
by direct contact with exhaust steam had been used with receivers 
of various forms by Bouch, Chiazzari, Clarke, and Lencauchez. An 
early adaptation of a small tubular heater was that of Gooch on the 
London and South Western Railway. More recent examples by 
Gaines, Weir and Caill6 and Potoni6 had a more liberal provision 
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of surface with facilities for getting rid of the solid deposits. 
Tubular heaters in the water-tanks were represented by the 
arrangements of Kirchweger, Mazza, Drummond, etc. 

The authors were undoubtedly justified in  their preference for 
placing the heaters on the pressure side of the feed system. The 
form and arrangement as described did not appear to have reached 
the final stage of development. When the overall dimensions and 
the disposition of parts were determined by the size of the loading 
gauge, it would perhaps be desirable to consider some modifications 
with a view to simplification of detail, lessened encumbrance of 
access and of outlook and reduction of the number of pieces. With 
this end in view, the writer had endeavoured to scheme out an 
arrangement representing, with a boiler pressure of 160 lb. per 
square inch, an increase of 70 per cent. on the capacity of the 
Egyptian eight-wheeler and conforming to English loading gauges, 
without in any way attempting the maximum power attainable 
within those limits. Fig. 5 1 indicated exhaust-steam chambers in 
the form of a flattened receiver along each side of the boiler barrel, 
each containing a nest of straight water-tubes expanded into cast- 
iron headers of cellular form, providing connection in series between 
successive pairs of tubes. The trailing header was free to expand 
within the steam-chamber, whilst the leading header wasl fixed to 
the smoke-box where provision was made for attaching the feed and 
exhaust steam branches. The forward part of the boiler barrel 
constituted the waste-gas heater. The tubes were provided with 
external collars, making a water-tight fit in the holes of the 
intermediate tube-plate and providing clearance in the latter for 
withdrawing the tubes when coated with adherent scale. Baffle 
plates were fitted to prevent suspended water from passing to the 
steam-pipe with the boiler steam, and the internal steam-pipe was 
shielded from contact with the cooler water in  the feed-heating 
chamber. H e  did not expect that the heaters as proposed would 
transmit as much heat per unit of weight as those employed by the 
authors, but they might possess some desirability on the score of 
simplicity and robustness of character. 

 at UNIV NEBRASKA LIBRARIES on June 5, 2016pme.sagepub.comDownloaded from 

http://pme.sagepub.com/


APRIL 1913. LOCO. SUPERHEATING AND FEED-WATER HEATING. 477 

The AUTHORS, in reply to the points raised in the correspondence, 
wished to  thank Mr. Fry for his interesting contribution on the 
loss in unburnt fuel (page 461). It was certainly a peculiar point 
that the slope of the logarithmic lines was the same in all the tests, 
but that the constant varied apparently with the class or condition 
of the coal ; it might be well perhaps to refer to the correspondence 
on this point in Engineering,* so that members might be in a 
position to gauge properly the various points arising originally out 
of Mr. Wingfield's figure showing that loss, 

During the 
trials with the high-feed temperatures, water was used from wells 
a t  Rod-el-Farag and that had a hardness of about 23 degrees. 
Tenders were filled with that water at  Cairo; at  other watering 
stations for Alexandria trains (on which line most of the tests were 
made, and the heater engines used), Nile water was employed. 
The question of lubrication was discussed on page 386. No change 
was involved with moderate superheat. 

Mr. Manson's account of his experience was a welcome 
contribution (page 464). On the Egyptian State Railways it 
had not been found necessary to reduce the blast-pipe top as 
Mr. Manson had done. The reverse had been the case. That 
was probably due partly to the much larger branch passages and 
heaters on the Egyptian State Railways engines, while the smoke- 
box arrangement most likely also had some bearing on that point. 

Mr. Metcalfe's remarks (page 467) implied that the authors had 
only mentioned one type of exhaust-steam injector, and that a 
discarded pattern. That was not so. The type first mentioned 
on page 354 was still in use, though perhaps no longer manufactured 
in view of the introduction of the later pattern mentioned by 
Mr. Metcalfe, and also mentioned, it should be noted, by the 
authors on pages 354-5. So far as they were concerned, the only 
improvement in the later type consisted in the fact that the final 
delivery temperature was 195" F. instead of 280" F. with the older 
pattern. Further feed-heating (by the smoke-box gases) was thus 

Nile water was of about 7 degrees hardness only. 

* Vol. xcv, pages 564, 679. 
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practicable with the later type. Apart from that, the types presented 
but little difference. Although the efficiency of the steam-jet had 
been increased in the later pattern, the authors believed that 
improvement to be of comparatively small consequence, the thermal 
position (that is, the amount of B.Th.U. to be provided in the 
boiler) being very much the same for both types according to 
figures supplied by the makers. Mr. Metcalfe regarded the 
exhaust-injector as a small condenser, by the use of which the 
cylinder back-pressure was reduced. A similar argument applied 
to the use of the exhaust-steam heaters, and judging from the 
temperatures obtained, to a t  least an equal degree. One was, of 
course, a jet condenser and the other a surface condenser. The 
exhaust-steam injector required 10 lb. back pressure or more in 
the cylinders to deliver against 190 lb. boiler pressure. That was 
a much higher pressure than had ever been found in the exhaust- 
steam heater ducts on the Egyptian State Railways. On the 
heater engines described in the Paper, larger blast-pipe tops were 
used than on the non-heater engines, while from the discussion it 
appeared that, on the other hand, it was often necessary to reduce 
the blast-pipe top if the exhaust-steam injector were used, to 
compensate for the steam withdrawn. Mr. Metcalfe's comparison 
of weights was erroneous. The exhaust-injector heated the feed by 
waste products to about 18Oo-19O0 F. The type B arrangement 
of the Paper gave feed temperatures of 210" F. in conjunction 
with 90" F. superheat, or alternatively feed temperatures of 280"- 
290" F. It was therefore of much greater thermodynamic value 
than the exhaust-steam injector. Further, the weight given for 
the type B arrangement (3 .75  tons) included a trimming slab of 
30 cwt., placed a t  the trailing end of the engine, so that the bald 
comparison made in Mr. Metcalfe's comment was less than half a 
truth. 

The authors thanked Mr. Reid for his remarks, especially upon 
the question of weight, with which they heartily concurred, 

The present was not an occasion on which to discuss the 
reliability or otherwise of the 100 odd consistent tests recorded 
in the St. Louis report. That occasion arose, so far as the 

No trouble had arisen from the wear of check-valves. 
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Institution was concerned, in 1908, when Mr. Fry's very careful 
analysis of them was laid before members for discussion and 
criticism. It would suffice to say that they were now very 
generally accepted ; they were consistent among themselves, and 
agreed qualitatively with the results of the work at Purdue. If 
opinions were to be pitted against recorded facts the authors 
would prefer to abide by the latter, but it would be of some 
interest (howbeit rather late to do so) if  Mr. Rowland would 
submit to the Institution for discussion, a Paper embodying his 
criticism of the tests and his theories as to what locomotive-boiler 
performance ought to be. Whatever might be his opinion 
regarding the relative value of the various losses, the boiler 
efficiency curves on which most of the argument of the Paper 
rested, were beyond criticism. The work done which they showed 
was easily checked. 

It was difficult to see why Mr. Rowland should reason that the 
blast-pipes on the heater engines might be too small if the exhaust 
heaters were out of use, when the authors had shown the heater- 
engine blast-pipes to be actually larger than those of the non-heater 
engines. The authors did not agree that additional surface in the 
ordinary boiler barrel was preferable to extra surface in a heater. 
As Mr. Twinberrow had pointed out, transmission was better in 
the heater, owing to series heating, and improvement was secured 
for less weight for the steam generator, a fact which designers 
would be seen, from Mr. Reid's remarks, to appreciate. The authors 
failed to see how Mr. Rowland would propose to utilize the heat in 
the smoke-box gases for superheating, in an engine already fitted 
with a smoke-tube superhester. It could no doubt be done, 
but it would be complicated and there would seem to be little 
purpose in attempting it ; on such an engine the authors preferred 
feed-heating by the waste gasee. 

With regard to Mr. Twinberrow's contribution (page 473), it 
should be stated that the highest average feed temperatures recorded 
ran to about 294" F. in the Egyptian State Railways' experience. 
If feed already a t  a high temperature were supplied to the heaters, 
the reduced temperature-head did not seem to give promise of the 
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process being very effective. I n  superheating, the transmission 
may have been more effective, due to greatly increased speed of 
flow of the steam among the tubes; the steam and water heaters 
differed in the number of diaphragms they contained. The authors 
thanked Mr. Twinberrow for having included his interesting scheme 
in his remarks. They did not pretend that finality had been 
reached in the apparatus they had described. Neither had they 
attempted to cover the whole subject as developed by others, but 
had endeavoured rather to show that the principles, on which work 
of the kind was based, had been sound, and that the results 
obtained with the apparatus described were consistent with what 
would be expected from deductions combining as far as possible 
theory and practice. 

ADDITIONAL NOTE BY MR. F. H. TREVITHICK. 

Mr. F. H. TREVITHICK subsequently added the following 
information. Figs. 52 to 54, Plate 9, illustrated the arrangements 
foreshadowed by Fig. 39 (page 400). They showed by means of 
models the heater and its attachments carried by a straight-backed, 
double-winged casting, swinging between a top and a bottom 
support, the former maintaining the alignment, and the latter 
supporting the weight. The top support consisted of a casting 
rotating between two fixed angle-plates bolted to the smoke-box 
front plate. The bottom support was formed by the exhaust 
steam-pipe which was divided into a moving and a fixed portion, 
the former rotating on balls within the latter which was bracketed 
to the engine-frame. To make good the passage of the steam 
from the cylinders t o  the blast-nozzle, a chamber was provided 
within the swinging casting into which the steam was discharged 
and from which it was conveyed to  the nozzle, whilst a small hole 
guarded against the accumulation of water within it. 

The heater was carried between the recass in the front wing of 
the casting, and the smoke-box door-plate which was bolted to the 
back wing of the casting, and provided with an angle, or, if 
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preferable, a flanged plate, which made good the smoke-box joint ; 
this door-plate was the only portion of the arrangement that was 
subjected to  the wear and tear of the smoke-box gases. To the 
door-plate was bolted an angle-ring in two halves, which gripped 
the heater and fixed it by the aid of a couple of studs. The heater 
had an inlet and an outlet mating with which the screwed ends of 
the intermediate flanged pipes made water- or steam-tight joints. 
The flanged ends made good the connection between the heater and 
the double-chambered casting that was supported from the smoke- 
box front-plate, Within these chambers the pipes robted and 
made water- or steam-tight joints by the usual form of stuffing-box. 

Figs. 52 and 53, Plate 9, showed the ejector-pipe divided into 
two portions, one of which was fixed a t  one end to the smoke-box 
door-plate, the other end piercing the chimney, whilst the other 
portion led from the boiler to the smoke-box front plate which it 
pierced. The proximal ends were coned, and thus a joint was 
formed when the smoke-box was closed. 

Fig. 54 showed the blower pipe also divided into two portions, 
the one supplying steam, when desired, to a chamber within the 
rotating casting, and the other carrying it on to the blower. 
The doors seen in the photograph were for boxing in the external 
portions of the arrangement. 

The spark-arrester eonsisted of a wire-netting sieve which 
encircled the portion of the heater projecting beyond the smoke-box 
door-plate. The back face was hinged to allow of access to the 
heater tubes, and the bottom strip of netting was of larger mesh 
than the rest to guard against the aacumulation of ashes within the 
sieve. 

The by-pass, previously used for passing the gases direct to the 
chimney during the process of raising steam, was unnecessary with 
the heater placed opposite to the boiler tubes and in the line of the 
natural and direct flow of the gases to the atmosphere. 

Fig. 52 showed the exhaust-steam heater encased in a cast-iron 
shell; the shell, not the heater, was connectad to the engine 
cylinders. It also showed R small-bore pipe connected to both 
ends of the shell, whilst, below it, a larger pipe led from the rear 

3 L  
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end of the heater. These pipes conveyed the water of condensation, 
which was greasy, to the rear of the engine ; the smaller one being 
a t  all times open to the atmosphere, whilst the larger one was 
open or closed as desired. Thus there could be no accumulation of 
water under any conditions. An ordinary tumbler-cock with lever 
and rod was fitted to the larger pipe and a second cock was fitted to  
the adjacent pipe connecting the larger pipe to the boiler. These 
cocks were automatically worked by the action of the engine- 
regulator handle so as to open the first and close the second when 
the regulator was open, and vice versa when it was closed, thereby 
changing the drain-pipe into a steam-pipe for maintaining the 
desired temperature of the water within the heater. The use of 
the drain-pipe as a steam-pipe allowed of the continuous working of 
the pump from stnrt to finish of the run, thus minimizing, to the 
fullest extent, the work of the engine crew, as the pump required 
no attention other than an occasional increase or decrease in its 
speed to suit the varying conditions of the road. One injector was 
maintained as a stand-by. 

Figs. 55 and 5G compared the combination of high-degree 
feed-heating and high-degree superheating with the combination 
of moderate-degree feed-heating and moderate-degree superheating. 
The exhaust-steam heater was similar in both cases, but in the 
latter combination the water was passed direct to the boiler, and 
pipes of a, size suitable for passing the steam through the smoke- 
box heater replaced those used for water. 

Figs. 57 and 58 illustrated the arrangement cased in, so as to 
present an appearance more in keeping with the usual form of 
smoke-box. The casing was in one piece; its front was studded 
to bhe front of the heater smoke-box which was provided with 
a flange for the purpose, whilst its rear edge was bolted to an 
angle-ring attached to the edge of the smoke-box door-plate which 
was siiitably enlarged. With the casing in position, the chimney 
was dropped into its seating on the heater smoke-box, and by the 
aid of an intermediate flange was secured by studs to the casing. 
Fig. 59 illustrated the end view of the arrangement, uncased. 
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